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(54) Fingerprint input apparatus 

(57) A fingerprint input apparatus includes a prism, 
a light source, a pinhole, and an imaging plane. The 
prism is placed such that a surface in one direction 
serves as a fingerprint collection surface. The light 
source irradiates light on the fingerprint collection sur- 
face through the prism. The pinhole is set in the path of 
light which is reflected by the pattern surface of a finger 
placed on the fingerprint collection surface and 



emerges from the prism. The light emerging from the 
prism and passing through the pinhole is formed into an 
image on the imaging plane. When the prism is substi- 
tuted by air, an optical fingerprint collection surface 
equivalent to the fingerprint collection surface is set to 
be substantially parallel to the imaging plane. 
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Description 

Background of the Invention 

5 The present invention relates to a fingerprint input apparatus for inputting fingerprints to register them or collate 
them with fingerprints already registered. 

None of the fingerprints of different people coincide with each other, and the fingerprints do not change throughout 
their lives. Owing to these characteristics of fingerprints, fingerprint collation systems are especially used in the fields 
that require high degrees of security. An apparatus for inputting fingerprint images is a constituent element of such a 
10 fingerprint collation system. This fingerprint input apparatus includes an optical system as a constituent. The collation 
precision of the fingerprint collation system greatly depends on whether fingerprint images can be correctly input. 
Any conventional fingerprint input apparatus, however, cannot obtain high-quality fingerprint images. 

Summary of the Invention 

15 

The present invention has been made to solve this problem, and has as its object to provide a fingerprint input 
apparatus which can obtain high-quality fingerprint images. 

In order to achieve the above object, according to the first aspect of the present invention (according to claim 1), 
there is provided a fingerprint input apparatus comprising a prism placed such that a surface in one direction serves as 

20 a fingerprint collection surface, a light source for irradiating light on the fingerprint collection surface through the prism, 
a pinhole set in a path of light which is reflected by a pattern surface of a finger placed on the fingerprint collection sur- 
face and emerges from the prism, and an imaging plane on which the light emerging from the prism and passing 
through the pinhole is formed into an image, wherein when the prism is substituted by air, an optical fingerprint collec- 
tion surface equivalent to the fingerprint collection surface is set to be substantially parallel to the imaging plane. 

25 According to this aspect, light reflected by the pattern surface of the finger directly or indirectly placed on the fin- 
gerprint collection surface and emerging from the prism passes through the pinhole and is formed into an image on the 
imaging plane set to be almost parallel to the optical fingerprint collection surface of the prism. 

According to the second aspect of the present invention (according to claim 2), in the first aspect, when the optical 
fingerprint collection surface has distortion with respect to the fingerprint collection surface, the imaging plane is rotated 

30 through a predetermined angle. According to this aspect, distortion caused on the optical fingerprint collection surface 
can be reduced by rotating the imaging plane almost parallel to the optical fingerprint collection surface of the prism 
through a predetermined angle. 

According to the third aspect of the present invention (according to claim 3), there is provided a fingerprint input 
apparatus comprising a first prism placed such that a surface in one direction serves as a fingerprint collection surface, 

35 a light source for irradiating light on the fingerprint collection surface through the first prism, a pinhole set in a path of 
light which is reflected by a pattern surface of a finger placed on the fingerprint collection surface and emerges from the 
first prism, an imaging plane on which the light emerging from the first prism and passing through the pinhole is formed 
into an image, and a second prism placed in front of the imaging plane, wherein the fingerprint collection surface of the 
first prism is set to be substantially parallel to the imaging plane, the fingerprint collection surface of the first prism is set 

40 to be substantially parallel to a surface of the second prism on the imaging plane side, and an exit surface of the first 
prism with respect to the pinhole is set to be substantially parallel to an incident surface of the second prism with respect 
to the pinhole. 

According to this aspect, the optical system on the first prism side is made similar to the optical system-on the sec- 
ond prism side with the pinhole being the center, and light reflected by the pattern surface of the finger directly or indi- 
45 rectly placed on the fingerprint collection surface and emerging from the first prism passes through the pinhole and the 
second prism and is formed into an image on the imaging plane. 

According to the fourth aspect of the present invention (according to claim 4), in the first, second, and third aspects, 
the apparatus further comprises pinhole position adjusting means for adjusting a position of the pinhole. According to 
this aspect, the position and size of a fingerprint image on the imaging plane can be changed by adjusting the position 
so of the pinhole in the back-and-forth direction, the lateral direction, the vertical direction, and the like. 

According to the fifth aspect of the present invention (according to claim 5), in the fourth aspect, the pinhole position 
adjusting means is constituted by a manual adjusting mechanism, and the apparatus further comprises a display sec- 
tion for displaying a fingerprint image formed on the imaging plane. According to this aspect, the user can change the 
position and size of a fingerprint image on the imaging plane by adjusting the position of the pinhole in the back-and- 
55 forth direction, the lateral direction, the vertical direction, and the like while seeing the displayed fingerprint image. 

According to the sixth aspect of the present invention (according to claim 6), the pinhole position adjusting means 
automatically adjusts the position of the pinhole. According to this aspect, the position of the pinhole is automatically 
adjusted, and the position and size of a fingerprint image on the imaging plane are adjusted to set values. 
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of the present invention (according to clainW), 



According to the seventh asplff of the present invention (according to clainW), in the first, second, and third 
aspects, the light source is an LED or a laser beam radiator According to this aspect, light from an LED or a laser beam 
radiator, i.e., light having a single wavelength, is irradiated on the fingerprint collection surface through the prism. 

According to the eighth aspect of the present invention (according to claim 8), there is provided a fingerprint input 

5 apparatus comprising a prism placed such that a surface in one direction serves as a fingerprint collection surface, a 
light source for irradiating light on the fingerprint collection surface through the prism, a pinhole set in a path of light 
which is reflected by a pattern surface of a finger placed on the fingerprint collection surface and emerges from the 
prism, a lens placed close to a rear side of the pinhole, and an imaging plane on which the light emerging from the prism 
and passing through the pinhole and the lens is formed into an image, wherein when a straight line connecting a center 

10 of the fingerprint collection surface and a center of the imaging plane is an optical axis, the imaging plane is inclined 
with respect to the optical axis to prevent a blur, and a central axis of the lens is inclined with respect to the optical axis 
to prevent trapezoidal distortion. 

According to this aspect, the light intensity of a fingerprint image formed on the imaging plane is increased by the 
lens placed close to the rear side of the pinhole. In this case, a blur is suppressed by inclining the imaging plane with 

15 respect to the optical axis, and trapezoidal distortion is suppressed by inclining the central axis of the lens with respect 
to the optical axis under the condition in which this blur is suppressed. 

According to the ninth aspect of the present invention (according to claim 9), in a fingerprint input apparatus based 
on the optica! path separation method, a cut surface is formed at a distance from a vertex of the prism which opposes 
the fingerprint collection surface, and the light source is placed to oppose the cut surface of the prism. According to this 

20 aspect, light from the light source is incident on the prism through the cut surface to be irradiated on the fingerprint col- 
lection surface with an almost uniform diffusion angle. 

According to the 10th aspect of the present invention (according to claim 10), in the ninth aspect, the cut surface is 
formed under conditions that an imaging optical path of light from the fingerprint collection surface to the imaging plane 
is not shielded, and an image of the light source is not projected on the imaging plane. According to this aspect, the 

25 imaging optical path of light from the fingerprint collection surface to the imaging plane is not shielded in the prism, and 
an image of the light source is not projected on the imaging plane. 

According to the 1 1th aspect of the present invention (according to claim 1 1), in the ninth aspect, the cut surface is 
formed under conditions that an imaging optical path of light from the fingerprint collection surface to the imaging plane 
is not shielded, an image of the light source is not projected on the imaging plane, and light from the light source is not 

30 totally reflected by the fingerprint collection surface. According to this aspect, the imaging optical path of light from the 
fingerprint collection surface to the imaging plane is not shielded in the prism, and an an image of the light source is not 
projected on the imaging plane. In addition, light from the light source is not totally reflected by the fingerprint collection 
surface. 

According to the 12th aspect of the present invention (according to claim 12), in the ninth aspect, the cut surface is 

35 formed under a condition that an imaging optical path of light from the fingerprint collection surface to the imaging plane 
is not shielded, and a light shield is provided for a region, on the cut surface, on which an image of the light source can 
be projected. According to this aspect, the imaging optical path of light from the fingerprint collection surface to the 
imaging plane is not shielded in the prism. In addition, since the light shield is provided for the cut surface, there is no 
possibility that an image of the light source is projected on the imaging plane. 

40 According to the 13th aspect of the present invention (according to claim 13), in the ninth to 12th aspects, the cut 
surface of the prism is a concave surface. According to this aspect, light from the light source is incident on the prism 
through the concave cut surface and irradiated on the fingerprint collection surface with a uniform diffusion angle. 

According to the 14th aspect of the present invention (according to claim 14), in the 13th aspect, the cut surface of 
the prism has a convex outer periphery. According to this aspect, light from the light source is diffused by the concave 

45 inner surface of the cut surface, and is focused by the convex surface of the outer periphery of the cut surface to be 
irradiated on the fingerprint collection surface. 

According to the 15th aspect of the present invention (according to claim 15), in a fingerprint input apparatus based 
on the optical path separation method, the light source is placed in contact with the prism through a matching member 
having a predetermined refractive index. According to this aspect, light from the light source is incident on the prism 

so through the matching member to be irradiated on the fingerprint collection surface with an almost uniform diffusion 
angle. 

According to the 16th aspect of the present invention (according to claim 16), there is provided a fingerprint input 
apparatus comprising a prism placed such that a surface in one direction serves as a fingerprint collection surface, and 
a light source mounted on a surface of a substrate and serving to irradiate light on the fingerprint collection surface 
55 through the prism, wherein a film having a high reflectance is formed on the surface of the substrate on which the light 
source is mounted. According to this aspect, light leaking from the side and rear surfaces of the light source is reflected 
by the reflecting film on the substrate surface and incident on the prism. 

According to the 17th aspect of the present invention, (according to claim 17), there is provided a fingerprint input 
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iWM) that a surface in one direction serves as afllljfri 



apparatus comprising a prism placed slch that a surface in one direction serves as a fITiprprint collection surface, and 
a light source mounted on a surface of a substrate and serving to irradiate light on the fingerprint collection surface 
through the prism, wherein a film for shielding light is formed on the surface of the substrate on which the light source 
is mounted. According to this aspect, light leaking from the side and rear surfaces of the light source is shielded by the 
5 light-shielding film on the substrate surface, thereby preventing the light from passing through the substrate and leaking 
out from its rear surface. 

According to the 18th aspect of the present invention (according to claim 18), there is provided a fingerprint input 
apparatus comprising a prism placed such that a surface in one direction serves as a fingerprint collection surface, and 
a light source mounted on a surface of a substrate and serving to irradiate light on the fingerprint collection surface 

10 through the prism, wherein a film (reflecting/light-shielding film) having a high reflectance and shielding light is formed 
on the surface of the substrate on which the light source is mounted. According to this aspect, light leaking from the side 
and rear surfaces of the light source is reflected by the reflecting/light-shielding film on the substrate surface and inci- 
dent on the prism. In addition, light leaking from the side and rear surfaces of the light source is shielded by the reflect- 
ing/light-shielding film on the substrate surface, thereby preventing the light from passing through the substrate and 

15 leaking from its rear surface. 

According to the 19th aspect of the present invention (according to claim 19), there is provided a fingerprint input 
apparatus comprising a prism placed such that a surface in one direction serves as a fingerprint collection surface, a 
light source for irradiating light on the fingerprint collection surface through the prism, an imaging plane on which light 
reflected by a pattern surface of a finger placed on the fingerprint collection surface and emerging from the prism is 

20 formed into an image, a prism holder for holding the prism to fix the fingerprint collection surface such that the finger- 
print collection surface opposes a finger mount portion opening of a main body case, the prism holder having an open- 
ing at least in a surface portion opposing an exit surface of the prism and an incident surface of the prism on which light 
from the light source is incident, and a light-shielding cover for covering an imaging optical path between the exit surface 
of the prism and the imaging plane while isolating the optical path from the outside. 

25 According to the 20th aspect of the present invention (according to claim 20), in the 19th aspect, an optical noise 
process is performed for a surface of an inner wall of the light-shielding cover. 

According to the 21 st aspect of the present invention (according to claim 21), in the 1 9th or 20th aspect, a film hav- 
ing a high reflectance is formed on a surface of an outer wall of the light-shielding cover. 

According to the 22nd aspect of the present invention (according to claim 22), in the 19th aspect, the light source 

30 is covered with a light source cover except for a portion on the exit surface side with respect to the prism, and the light 
source cover and the light-shielding cover are integrally formed. 

According to the 23rd aspect of the present invention (according to claim 23), in the 22nd aspect, a film having a 
high reflectance is formed on a surface of an inner wall of the light source cover. 

According to the 24th aspect of the present invention (according to daim 24), there is provided a fingerprint input 

35 apparatus comprising a prism placed such that a surface in one direction serves as a fingerprint collection surface, a 
light source for irradiating light on the fingerprint collection surface through the prism, an imaging plane on which light 
reflected by a pattern surface of a finger placed on the fingerprint collection surface and emerging from the prism is 
formed into an image, a prism holder for holding the prism to fix the fingerprint collection surface such that the finger- 
print collection surface opposes a finger mount portion opening of a main body case, the prism holder having openings 

40 at least in a surface portion opposing an exit surface of the prism and an incident surface of the prism on which light 
from the light source is incident, an imaging plane case for storing the imaging plane, the case having an opening on 
the exit surface side of the prism, and a light-shielding cover for covering an imaging optical path between the exit sur- 
face of the prism and the imaging plane while isolating the optical path from the outside, wherein an opening of the light- 
shielding cover on one end side is coupled to the opening of the prism holder which opposes the exit surface of the 

45 prism with a fitting structure, and an opening of the light-shielding cover on the other end side is coupled to the opening 
of the imaging plane case with a fitting structure. 



Brief Description of the Drawinos 

so Figs. 1 A and 1 B are views for explaining the main part (Embodiment 1) of the optical system of a fingerprint input 
apparatus according to the present invention; 

Fig. 2 is a block diagram showing a fingerprint collation system using this fingerprint input apparatus; 
Figs. 3A and 3B are enlarged views showing a fingerprint input section (total reflection method) and a conventional 
fingerprint input section corresponding thereto; 
55 Figs. 4A and 4B are enlarged views showing a fingerprint input section using the optical separation method and a 
conventional fingerprint input section corresponding thereto; 

Figs. 5A and 5B are a perspective view and a plan view, respectively, showing the fingerprint input apparatus in Fig. 
2; 
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Figs. 6A and 6B are views re 



ively showing how fingerprint images are 



lyed in registration and collation 



processes; 

Fig. 7 is a flow chart for explaining a fingerprint registration process (manual pinhole position adjustment) in this 
fingerprint collation system; 

Fig. 8 is a flow chart for explaining a fingerprint collation process (automatic pinhole position adjustment) in this fin- 
gerprint collation system; 

Fig. 9 is a flow chart for explaining a fingerprint registration process (automatic pinhole position adjustment) in this 
fingerprint collation system; 

Fig. 10 is a flow chart for explaining a fingerprint collation process (automatic pinhole position adjustment) in this 
fingerprint collation system; 

Figs. 1 1A and 1 1B are views for explaining how a barycentric position is calculated in automatic pinhole position 
adjustment; 

Figs. 1 2A and 1 2B are views for explaining how a size is calculated in automatic pinhole position adjustment; 
Figs. 1 3A to 1 3C are views for explaining measures to reduce distortion between a fingerprint collection surface A- 
B and an optical fingerprint collection surface A'-B'; 

Fig. 14 is a view for explaining measures to completely eliminate distortion caused when the optical fingerprint col- 
lection surface A'-B' is a curved surface; 

Fig. 15 is an enlarged view showing a fingerprint input section (total reflection method) using a rectangularprism; 
Fig. 16 is a view for explaining the main part of the optical system of a conventional fingerprint input apparatus; 
Fig. 1 7 is a view showing the main part of a fingerprint input apparatus having a lens near the rear surface of a pin- 
hole plate; 

Figs. 18A and 18B are views for explaining trapezoidal distortion caused in this fingerprint input apparatus; 
Fig. 1 9 is a view for explaining trapezoidal distortion caused in this fingerprint input apparatus; 
Figs. 20A and 20B are views showing the main part (Embodiment 2) of a fingerprint input apparatus according to 
the present invention; 

Figs. 21 A and 21 B are views for explaining how trapezoidal distortion is corrected by barrel distortion; 
Figs. 22A and 22B are views for explaining how trapezoidal distortion is corrected by pincushion distortion; 
Fig. 23 is a view showing the main part of a fingerprint input apparatus using the optical path separation method 
on which Embodiment 3 is based; 

Fig. 24 is a view showing the main part of a fingerprint input apparatus using the total reflection method on which 
Embodiment 3 is based; 

Fig. 25 is a view for explaining how illumination irregularity occurs in the fingerprint input apparatus in Fig. 23; 
Fig. 26 is a view showing the main part (Embodiment 3-1) of a fingerprint input section according to the present 
invention; 

Fig. 27 is a view for explaining condition 0 for the formation of a cut surface; 
Fig. 28 is a view for explaining condition @ for the formation of a cut surface; 
Fig. 29 is a view for explaining condition © for the formation of a cut surface; 

Fig. 30 is a view for explaining a problem posed when an inclined surface is formed as a cut surface while at least 
conditions 0 and © are satisfied; 

Fig. 31 is a view showing the main part (Embodiment 3-2) of a fingerprint input apparatus according to the present 
invention; 

Figs. 32A and 32B are views for explaining the necessity of light shielding for a region where condition @ is not 
satisfied in Embodiment 3-2; 

Figs. 33A and 33B are views respectively showing the main parts (Embodiments 3-3 and 3-4) of fingerprint input 
apparatuses according to the present invention; 

Figs. 34A and 34B are views showing the main part (Embodiment 3-5) of a fingerprint input apparatus according 
to the present invention ; 

Fig. 35 is a view showing the main part of a conventional fingerprint input apparatus on which Embodiment 4 is 
based; 

Fig. 36 is a view showing the main part (Embodiment 4) of a fingerprint input apparatus according to the present 
invention; 

Figs. 37A and 37B are views how a reflecting film (light-shielding film or reflecting/light-shielding film) is formed on 
the substrate surface of this fingerprint input apparatus; 

Figs. 38A and 38B are views showing how LEDs are mounted on the substrate surface on which the reflecting film 
(light-shielding film or reflecting/light-shielding film) is formed; 

Figs. 39A and 39B are views showing how a metal film as a reflecting/light-shielding film is formed on the substrate 
surface; 

Fig. 40 is a view showing an example of how the present invention is applied to a fingerprint input apparatus using 
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the total reflection method; 

Fig. 41 is a view showing the main part of a conventional fingerprint input apparatus on which Embodiment 5 is 
based; 

Fig. 42 is a view showing the main part (Embodiment 5-1) of a fingerprint input apparatus according to the present 
5 invention; 

Fig. 43 is an exploded perspective view showing the main part of this fingerprint input apparatus; and 

Fig. 44 is a view showing the main part (Embodiment 5-2) of a fingerprint input apparatus according to the present 

invention. 

10 Pescri pti on o f t he Pr ef e rr ed E m bodi m ent? 

Embodiments of the present invention will be described in detail below. 
[Embodiment 1 : First to Seventh Aspects] 

15 

Prior to a description of the first to seventh aspects of the present invention, the techniques on which these aspects 
are based will be described. To obtain high-quality fingerprint images, some countermeasures must be taken against 
fingerprint image distortion and blurs. Several fingerprint input apparatuses designed to cope with fingerprint image dis- 
tortion and blurs have already been proposed in Japanese Patent Laid-Open No. 59-142675, Japanese Utility Model 

20 Laid-Open No. 63-99960, Japanese Patent Laid-Open No. 2-176984, and the like. Since all these fingerprint input 
apparatuses use lenses for optical systems, fingerprint distortion and blurs cannot be eliminated at once. 

Fig. 16 shows the main part of the optical system of a conventional fingerprint input apparatus. Referring to Fig. 1 6, 
reference numeral 1 denotes a prism; and 2, a lens. Reference symbol A-B denotes, the fingerprint collection surface 
of the prism 1 ; O, the center of the lens 2; and F, the focal point of the lens 2. For the sake of descriptive convenience, 

25 in the arrangement shown in Fig. 16, the prism 1 is assumed to have the same refractive index as that of air. Although 
not shown, an incandescent lamp is placed on the lower surface side of the prism 1 such that light from the incandes- 
cent lamp is irradiated on the fingerprint collection surface A-B through the prism 1 . 

In this optical system, the imaging plane of a light-receiving unit may be set to a plane E-G (imaging plane ®) to 
prevent an entire image of the pattern surface of a finger placed on the fingerprint collection surface A-B, i.e., an entire 

30 fingerprint image, from blurring. In this case, however, since the optical path ratio varies (AO : OG * BO,: OE), the fin- 
gerprint image is distorted. To prevent the fingerprint image from being distorted, the imaging plane of the light-receiv- 
ing unit may be set to a plane E-H (imaging plane @). In this case, however, a point A on the fingerprint collection 
surface A-B expands to "H-K" on the imaging plane E-H. As a result, the fingerprint image blurs. As described above, 
a blur and distortion cannot be eliminated at once as long as the lens 2 is used. As importance is attached to correction 

35 of distortion, the blur worsens and leads to difficulty in practical use, and vice versa. That is, with the arrangement 
shown in Fig. 16, a compromise must be made between distortion and a blur within the respective practical ranges. 

Under the circumstances, Embodiment 1 uses a pinhole plate in place of the lens 2 to greatly reduce distortion and 
a blur so as to obtain a high-quality fingerprint image. 

40 [Basic Principle] 

Fig. 1 A shows the main part of the optical system of a fingerprint input apparatus according to the present inven- 
tion. Referring to Figs. 1 A and 1 B, reference symbol A-B denotes the fingerprint collection surface of a prism 1 ; C'-D\ 
a pinhole plate surface having a pinhole PH formed in its center; and O, the center of the pinhole PH. For the sake of 

45 descriptive convenience, in the arrangement shown in Fig. 1 A, the prism 1 is assumed to have the same refractive index 
as that of air. Although not shown, an LED is placed on the lower surface side of the prism 1 such that light from the 
LED is irradiated on the fingerprint collection surface A-B through the prism 1 . Note that this LED may be a laser beam 
radiator. Light emitted from an LED or laser beam radiator has a single wavelength and is less in optical irregularity than 
light from an incandescent lamp. Owing to such characteristics, the LED allows a high resolution, and has a long serv- 

50 ice life. In addition, the heat generated by the LED exerts little influence on the apparatus. 

In this optical system, the light reflected by the fingerprint surface of the finger placed on the fingerprint collection 
surface A-B and emerging from the prism 1 passes through the pinhole PH and is formed into an image on an imaging 
plane l-J. In this case, if the fingerprint collection surface A-B of the prism 1 and the imaging plane l-J are set to be par- 
allel to each other, the optical path ratio is made constant (AO : OJ = BO : Ol), and no fingerprint image distortion 

55 occurs. In addition, since one point on the fingerprint collection surface A-B is imaged on one point on the imaging plane 
l-J, no fingerprint image blur occurs. That is, both distortion and a blur can be prevented at once. 

In the arrangement shown in Fig. 1 A, the prism 1 is assumed to have the same refractive index as that of air. In 
practice, however, the refractive index of the prism 1 differs from that of air. For this reason, as shown in Fig. 1 B, a sur- 
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^^tion surface A-B when the prism 1 is substi^^ft 



face equivalent to the fingerprint collection surface A-B when the prism 1 is substituWff by air is set as an optical finger- 
print collection surface A'-B' (a curved surface A*-B' indicated by the dotted line in Fig. 1B), and this optical fingerprint 
collection surface A'-B' and the imaging plane l-J are set to be parallel to each other. In this case, since it is difficult to 
form the imaging plane l-J into a curved surface in terms of techniques and cost, the straight line A*-B' and the imaging 
5 plane l-J are set to be parallel to each other. In other words, a triangle A'OB' and a triangle JOI are set to be similar to 
each other. With this arrangement, the optical path ratio is made constant (A'O : OJ = B'O : Ol ), and hence fingerprint 
image distortion can be suppressed. In addition, since one point on the straight line A'-B' is imaged on one point on the 
imaging plane l-J, a fingerprint image blur can be suppressed. That is, both the blur and the distortion can be greatly 
reduced. 

10 The position and size of the fingerprint image on the imaging plane l-J can be adjusted by adjusting the position of 
the pinhole PH in the back-and-forth direction (2 direction), the lateral direction (X direction), and the vertical direction 
(Y direction). With the use of this scheme, an increase in parts assembly tolerance and reductions in cost, weight, and 
size can be attained as compared with the scheme using the lens. 



15 [Practical Example] 



Fig. 2 shows the arrangement of a fingerprint collation system using a fingerprint input apparatus based on the 
principle described above. Referring to Fig. 2, reference numeral 10 denotes a fingerprint input apparatus; and 20, a 
processing section. The fingerprint input apparatus 10 includes a ten-key pad 10-1, a display (LCD) 10-2, and a finger- 

20 print input section 10-3. The processing section 20 includes a control section 20-1 having a CPU, a ROM 20-2, a RAM 
20-3, a hard disk (HD) 20-4, a frame memory (FM) 20-5, an external connection section (l/F) 20-6, and a Fourier trans- 
form section (FFT) 20-7. Registration and collation programs are stored in the ROM 20-2. 

In the fingerprint input apparatus 10, as shown in the enlarged view in Fig. 3A, the fingerprint input section 10-3 
includes a light source (LED) 10-31, a diffusion plate 10-32, a prism 10-33, a pinhole plate 10-34, a pinhole position 

25 adjusting mechanism 1 0-35, and a light-receiving unit 1 0-36. 

In this case, a total reflection method is used for the fingerprint input section 10-3 such that the LED 10-31 is placed 
on the left side of the lower surface side of the prism 10-33, and light from the LED 10-31 is irradiated on a fingerprint . 
collection surface A-B of the prism 10-33 through the prism 10-33. In this arrangement, as is obvious, a surface equiv- 
alent to the fingerprint collection surface A-B when the prism 10-33 is substituted by air is set as an optical fingerprint 

30 collection surface A'-B* (a curved surface A'-B' indicated by the dotted line in Fig. 3A), and this optical fingerprint collec- 
tion surface A'-B' and an imaging plane l-J of the light-receiving unit 10-36 are set to be almost parallel to each other. 
That is, the straight line A'-B' and the imaging plane l-J are set to be parallel to each other. 

When an optical path separation method is to be used for the fingerprint input section 10-3, as shown in Fig. 4A, 
the LED 10-31 is placed on the right side of the lower surface side of the prism 10-33, and a black coating (or light- 

35 shielding plate) 1 0-37 is formed on the left-side surface of the prism 1 0-33 so that light from the LED 1 0-31 is irradiated 
on the fingerprint collection surface A-B through the prism 1 0-33. In this case as well, as is obvious, a surface equivalent 
to the fingerprint collection surface A-B when the prism 1 0-33 is substituted by air is set as an optical fingerprint collec- 
tion surface A'-B' (a curved surface A'-B' indicated by the dotted line in Fig. 3A), and this optical fingerprint collection 
surface A'-B' and the imaging plane l-J of the light-receiving unit 10-36 are set to be almost parallel to each other. That 

40 is, the straight line A'-B' and the imaging plane l-J are set to be parallel to each other. The formation of the black coating 
(or light-shielding plate) 37 on the left-side surface of the prism 10-33 can prevent externally incident disturbance light 
from influencing the apparatus. 

Since the principles of the total reflection method and the optical path separation method are described in detail in 
reference 1 (THE TRANSACTIONS OF THE INSTITUTE OF ELECTRONICS, INFORMATION AND COMMUNICA- 

45 TION ENGINEERS, 85/3, Vol. J68-D, No. 3, pp. 414 - 415), a detailed description thereof will be omitted. In the total 
reflection method, total reflection is caused on a non-contact portion of a fingerprint surface, while total reflection is pre^ 
vented on a contact portion, and the difference between the light from the non-contact portion and that from the contact 
portion is detected. In the optical path separation method, only light from the contact portion of a fingerprint surface is 
detected without any light from the non-contact portion. For reference, Figs. 3B and 4B respectively show the conven- 

so tional arrangements of fingerprint input sections using the total reflection method and the optical path separation 
method. Each conventional arrangement uses an incandescent lamp 10-31' as a light source and a lens Ln for a light- 
receiving unit 10-36'. 

Figs. 5A and 5B show the fingerprint input apparatus 10. In this fingerprint input apparatus 10, the fingerprint col- 
lection surface A-B of the prism 10-33, i.e., an upper surface UP of the prism 10-33, is exposed, and a guide 10-41 is 
55 formed on a case 10-4 to allow an operator to put his/her finger on the upper surface UP of the prism 10-33 directly or 
indirectly (a film may be formed). The ten-key pad 10-1 and the display 10-2 are arranged side by side. The ten-key pad 
10-1 has a fingerprint input confirmation key 10-11. Three-axis position adjusting knobs Cx, Cy, and Cz rotatably cou- 
pled to the pinhole position adjusting mechanism 10-35 are arranged on a side surface of the case 10-4. 
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[Registration of Fingerprint (Manual I^TOe Position Adjustment)] 

In this fingerprint collation system, the fingerprint of a user is registered in the following manner. The user inputs an 
ID number assigned to him/her by using the ten-key pad 10-1 before using the system (step 101 in Fig. 7). The user 
5 then puts his/her finger on the upper surface UP (fingerprint collection surface A-B) of the prism 1 0-33 along the guide 
10-41 of the fingerprint input apparatus 10. Light from the LED 10-31 has been irradiated on the fingerprint collection 
surface A-B of the prism 10-33, so the light from the LED 10-31 is totally reflected by the recess portions (groove por- 
tions) of the skin surface which are not in contact with the fingerprint collection surface A-B. In contrast to this, at the 
projection portions (ridge portions) of the skin surface which are in contact with the fingerprint collection surface A-B, 
10 the total reflection conditions are not satisfied, so the light from the LED 10-31 is scattered. 

The light reflected by the skin surface of the finger placed on the fingerprint collection surface A-B and emerging 
from the prism 10-33 passes through the pinhole PH and is formed into an image on the imaging plane l-J of the light- 
receiving unit 10-36. As a result, the fingerprint portion corresponding to the groove portions becomes bright, and the 
fingerprint portion corresponding to the ridge portions becomes dark. That is, a fingerprint image with a contrast is coi- 
rs lected. The pattern of the collected fingerprint (registration fingerprint) is supplied as gray scale image data to the 
processing section 20. 

The control section 20-1 loads the image data of the registration fingerprint from the fingerprint input apparatus 1 0 
through the frame memory 20-5 (step 102) and displays it on the display 10-2 (step 103). Fig. 6A shows a display sam- 
ple of this registration fingerprint. The user sees the fingerprint image displayed on the display 10-2 to determine 
20 whether to change the position of the pinhole PH. 

If the user sees his/her fingerprint image displayed on the display 10-2 and determines that the fingerprint image 
is out of position or excessively large or small, he/she determines that the position of the pinhole PH must be changed. 
The user then adjusts the angular positions of the three-axis position adjusting knobs Cx, Cy, and Cz to adjust the posi- 
tion of the pinhole plate 10-34 in the X, Y. and Z directions, i.e., the position of the pinhole PH in the X, Y, and Z direc- 
ts tions, through the pinhole position adjusting mechanism 1 0-35, thereby setting the fingerprint image on the display 1 0- 
2 to a desired position in a desired size (steps 102 to 104). 

After the position and size of the fingerprint image on the display 1 0-2 are adjusted, the user depresses the finger- 
print input confirmation key 10-11. With this operation, the control section 20-1 determines that loading of the registra- 
tion fingerprint is confirmed (step 105), and the image data of the confirmed registration fingerprint is filed in the hard 
30 disk 20-4 in correspondence with the ID number (step 1 06). 

[Collation of Fingerprints (Manual Pinhole Position Adjustment)] 

In this fingerprint collation system, collation of the fingerprint of the user is performed as follows. During the oper- 
35 ation of the system, the user inputs an ID number assigned to him/her by using the ten-key pad 10-1 (step 201 in Fig. 
8), and then puts his/her finger on the upper surface UP (fingerprint collection surface A-B) of the prism 10-33 along the 
guide 10-41 of the fingerprint input apparatus 10. With this operation, the pattern of the collected fingerprint (collation 
fingerprint) is supplied as halftone image data to the processing section 20 in the same manner as in the case of the 
registration of the fingerprint. 

40 Upon reception of the ID number through the ten-key pad 10-1, the control section 20-1 reads out the image data 
of the registration fingerprint corresponding to the ID number from the registration fingerprints filed in the hard disk 20- 
4 (step 202), and displays it on the display 1 0-2 (step 203). 

The control section 20-1 also loads the image data of the collation fingerprint from the fingerprint input apparatus 
10 through the frame memory 20-5 (step 204), and displays it on the display 10-2 while superimposing it on the finger- 

45 print image of the registration fingerprint (step 205). Fig. 6B shows a display sample in this case. The user sees this 
superimposed state of the fingerprint image of the registration fingerprint and the fingerprint image of the collation fin- 
gerprint displayed on the display 10-2 to determine whether to change the position of the pinhole PH. 

If the user sees the fingerprint image of the collation fingerprint displayed on the display 10-2 and determines that 
this fingerprint image is out of position or excessively large or small with respect to the fingerprint image of the registra- 

50 tion fingerprint, he/she determines that the position of the pinhole PH must be changed. The user then adjusts the 
angular positions of the three-axis position adjusting knobs Cx, Cy, and Cz to adjust the position of the pinhole plate 1 0- 
34 in the X, Y, and Z directions, i.e., the position of the pinhole PH in the X, Y, and Z directions, through the pinhole posi- 
tion adjusting mechanism 10-35, thereby setting the fingerprint image of the collation fingerprint on the display 10-2 to 
a desired position in a desired size (steps 204 to 206). 

55 After the position and size of the fingerprint image of the collation fingerprint on the display 10-2 are adjusted, the 
user depresses the fingerprint input confirmation key 10-11. With this operation, the control section 20-1 determines 
that loading of the collation fingerprint is confirmed (step 207). The fingerprint image of the confirmed collation finger- 
print is collated with the fingerprint image of the previously readout registration fingerprint (step 208). The collation 
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result is then displayed on the disply 10-2 (step 209). 

In this embodiment, a blur and distortion can be greatly reduced according to the above basic principle. In addition, 
the position and size of an input fingerprint image in a registration process can be set to a desired position and a desired 
size by manually adjusting the position of the pinhole PH with the three-axis position adjusting knobs Cx f Cy, and Cz. 
5 Furthermore, the positional offset between the input fingerprint images in registration and collation processes can be 
absorbed, and the difference between the sizes of the input fingerprint images can also be coped with. 

Note that if a collected fingerprint image is small, the area of the background becomes large, resulting in a deteri- 
oration in collation precision. Such a deterioration in collation precision can be prevented by moving the pinhole PH in 
the Z direction (in which the pinhole PH moves apart from the imaging plane l-J) to increase the collected fingerprint 
10 image. In addition, positioning at the time of shipment can be performed without dismantling the apparatus, and hence 
a positioning process at the time of shipment can be facilitated. 

In the above embodiment, the position of the pinhole PH is manually adjusted with the three-axis position adjusting 
knobs Cx, Cy, and Cz in registration and collation processes. This position, however, may be automatically adjusted. 
Figs. 9 and 10 show operations to be performed in registration and collation processes when the position of the pinhole 
is PH is automatically adjusted. 

[Registration of Fingerprint (Automatic Adjustment of Pinhole Position)] 

In this case, the user inputs an ID number assigned to him/her by using the ten-key pad 10-1 (step 301 in Fig. 9). 

20 The user then puts his/her finger on the upper surface UP (fingerprint collection surface A-B) of the prism 10-33 along 
the guide 10-41 of the fingerprint input apparatus 10. Light reflected by the pattern surface of the finger placed on the 
fingerprint collection surface A-B and emerging from the prism 10-33 passes through the pinhole PH and is formed into 
an image on the imaging plane l-J of the light-receiving unit 10-36. With this operation, the fingerprint portion corre- 
sponding to the groove portions becomes bright, and the fingerprint portion corresponding to the ridge portions 

25 becomes dark. That is, a fingerprint image with a contrast is collected. The pattern of the collected fingerprint (registra- 
tion fingerprint) is supplied as halftone image data to the processing section 20. 

The control section 20-1 loads the image data of the registration fingerprint from the fingerprint input apparatus 10 
through the frame memory 20-5 (step 302). The control section 20-1 then calculates the barycentric position of the 
loaded image data of the registration fingerprint (step 303). In this case, the barycentric position is calculated in the fol- 

30 lowing manner. 

First of all, the loaded image data (Fig. 1 1A) of the registration fingerprint is divided into n x m pixels (Fig. 11B). 
That is, the loaded image data of the registration fingerprint is divided into n pixels in the x direction and m pixels in the 
y direction. Letting ly be the light intensity at the position of the ijth pixel, x- and y-coordinates xa and ya of the baryc- 
enter are obtained according to equations (1) and (2): 

35 

n m n m 

*a =(ZI///y)/(ES'//) 0> 

I i II 

n m n m 

/a =(E E^EI^) (2) 

I J i i 

n tn n m n m n m 

45 (*a, ya) <£Z'V'(ZZ'*>' (ZZ/'^ZZ J $ ( 3 ) 

The control section 20-1 obtains the difference (xa - xs, ya - ys) between the obtained barycentric position (xa, ya) 
so and the set barycentric position (xs, ys) as a barycentric difference, and checks whether there is a barycentric differ- 
ence (step 304). If there is a barycentric difference (barycentric difference * 0), the control section 20-1 adjusts the posi- 
tion of the pinhole PH in the X and Y directions through the pinhole position adjusting mechanism 10-35 so as to 
eliminate the barycentric difference (step 305). 

When the barycentric difference is eliminated, since NO is obtained in step 304, the control section 20-1 causes 
55 the flow to advance to step 306 to load the image data of the registration fingerprint as the image data of the registration 
fingerprint whose positions in the X and Y directions are confirmed (step 306). The control section 20-1 calculates the 
size of the loaded image data of the registration fingerprint (step 307). In this case, the size is calculated in the following 
manner. 



40 
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^^of the registration fingerprint whose posrti^^^ 



First of all, the image data (Fig. TWj of the registration fingerprint whose positidlmn the X and Y directions are 
confirmed is divided into n x m pixels (Fig. 12B). That is, the loaded image data of the registration fingerprint is divided 
into n pixels in the x direction and m pixels in the y direction. Each pixel is then binarized according to its light level such 
that each portion with light is represented by "1", and each of the remaining portions is represented by "0". The light 
5 intensity of each pixel after binarization Is represented by Dy = "0" or "1", and an area Sa is expressed by the following 
equation: 

nm 

10 ij 

The control section 20-1 compares this area Sa with a set area Ss to check whether the area Sa is appropriate 
(step 308). If the area Sa is not appropriate (Sa * Ss), the control section 20-1 adjusts the position of the pinhole PH in 
the Z direction through the pinhole position adjusting mechanism 10-35 to set the area Sa to an appropriate value (step 
is 309). If Sa - Ss > 0, the control section 20-1 moves the position of the pinhole PH to reduce the fingerprint image. If Sa 
- Ss < 0, the control section 20-1 moves the position of the pinhole PH to enlarge the fingerprint image. 

When the area Sa is set to an appropriate value with this operation, since YES is obtained in step 308, the control 
section 20-1 causes the flow to advance to step 310 to file the corresponding image data of the registration fingerprint 
as the image data of the registration fingerprint whose positions in the X, Y, and Z directions are confirmed in the hard 
20 disk 20-4 in correspondence with the ID number (step 310). 

[Collation of Fingerprints (Automatic Adjustment of Pinhole Position)] 

During the operation of the apparatus, the user inputs an ID number assigned to him/her by using the ten-key pad 
25 10-1 (step 401 in Fig. 10), and puts his/her finger on the upper surface UP (fingerprint collection surface A-B) of the 
prism 10-33 along the guide 1 0-41 of the fingerprint input apparatus 1 0. As in the case of the registration of the finger- 
print, the pattern of the collected fingerprint (collation fingerprint) is supplied as halftone image data to the processing 
section 20. 

Upon reception of the ID number through the ten-key pad 10-1 , the control section 20-1 reads out the image data 
30 of the registration fingerprint corresponding to the ID number from the registration fingerprints filed in the hard disk 20- 
4 (step 402). The control section 20-1 loads the image data of the collation fingerprint from the fingerprint input appa- 
ratus 10 through the frame memory 20-5 (step 403). The control section 20-1 then calculates the barycentric position 
of the loaded image data of the collation fingerprint in the same manner as in the case of the registration fingerprint 
(step 404). 

35 The control section 20-1 obtains the difference (xb - xs, yb - ys) between the calculated barycentric position (xb, 
yb) and the set barycentric position (xs, ys) to check whether there is a barycentric difference (step 405). If there is a 
barycentric difference (barycentric difference * 0), the control section 20-1 adjusts the position of the pinhole PH in the 
X and Y directions through the pinhole position adjusting mechanism 10-35 (step 406). 

When the barycentric difference is eliminated with this operation, since NO is obtained in step 405, the control sec- 

40 tion 20-1 causes the flow to advances to step 407 to load the image data of the collation fingerprint as the image data 
of a collation fingerprint whose positions in the X and Y directions are confirmed (step 407). The control section 20-1 
then calculates the size of the loaded image data of the collation fingerprint in the same manner as in the case of the 
registration fingerprint (step 408). 

The control section 20-1 compares the calculated area Sb of the image data of the collation fingerprint, whose posi- 

45 tions in the X and Y directions are confirmed, with the set area Ss to check whether the area Sb is appropriate (step 
409). If the area Sb is not appropriate (Sb * Ss), the control section 20-1 adjusts the position of the pinhole PH in the Z 
direction through the pinhole position adjusting mechanism 10-35 to set the area Sb to an appropriate value (step 410). 
That is, if Sb - Sb > 0, the control section 20-1 moves the position of the pinhole PH to reduce the fingerprint image. If 
Sb - Ss < 0, the control section 20-1 moves the position of the pinhole PH to enlarge the fingerprint image. 

so When the area Sb is set to an appropriate value with this operation (Sb = Ss ), since YES is obtained in step 409, 
the control section 20-1 causes the flow to advance to step 41 1 to set the fingerprint image as the fingerprint image of 
the collation fingerprint whose positions in the X, Y, and Z directions are confirmed, and collate the fingerprint image of 
the collation fingerprint with the previously readout fingerprint image of the registration fingerprint (step 41 1). The con- 
trol section 20-1 displays this collation result on the display 1 0-2 (step 41 2). 

55 Although position adjustment in the Z direction is performed after position adjustment in the X and Y directions 
according to the flow chart shown in Figs. 9 and 10, position adjustment in the X and Y directions may be performed 
after position adjustment in the Z direction. 

Furthermore, according to the principle of the above embodiment, the optical fingerprint collection surface A'-B' is 
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^^^-J. This operation is based on the assumpti^^ 



set to be parallel to the imaging plaWl-J. This operation is based on the assumptidfWTat there is no distortion between 
the fingerprint collection surface A-B and the optical fingerprint collection surface A'-B'. Distortion, however, may be 
caused between the fingerprint collection surface A-B and the optical fingerprint collection surface A'-B' depending on 
the positions and angles of the fingerprint collection surface A-B and a prism surface R-S (Fig. 1 B). 

5 In the optical system shown in Fig. 13 A, if, for example, points to P 7 set at equal intervals on the fingerprint col- 
lection surface A-B are matched with points PV to PJ on the optical fingerprint collection surface A'-B', the points to 
Py on the optical fingerprint collection surface A'-B* are not set at equal intervals, and distortion occurs. In this case, 
even if the optical fingerprint collection surface A'-B' is set to be parallel to the imaging plane l-J, only the distortion 
caused on the optical fingerprint collection surface A'-B' cannot be eliminated. 

w For this reason, in such a case, i.e., when the optical fingerprint collection surface A'-B* has distortion with respect 
to the fingerprint collection surface A-B, the imaging plane l-J is rotated about a point PO through a predetermined 
angle to set an imaging plane U-T (see Fig. 13A) so as to eliminate the distortion of the optical fingerprint collection sur- 
face A*-B\ With this operation, as shown in Fig. 13C, the distortion caused on the fingerprint collection surface A-B can 
be greatly reduced. 

is In the above embodiment, since the optical fingerprint collection surface A'-B* is a curved surface, it is difficult to 
perfectly eliminate its distortion. With the arrangement shown in Fig. 14, however, the distortion can be perfectly elimi- 
nated. 

A second prism 4 is placed in front of the imaging plane l-J. The fingerprint collection surface A-B of the first prism 
1 is set to be parallel to the imaging plane l-J, and the fingerprint collection surface A-B of the first prism 1 is set to be 
20 parallel to a surface L-M of the second prism 4 on the imaging plane side. An exit surface C-D of the first prism 1 with 
respect to the pinhole PH is set to be parallel to an incident surface K-M of the second prism 4 with respect to the pin- 
hole PH. In this case, the surface L-M of the second prism 4 is placed above the imaging plane l-J. 

With this arrangement, the optical system on the first prism 1 side is set to be similar to the optical system on the 
second prism 4 side with the pinhole PH (point O) being the center, thereby perfectly eliminating the distortion. That is, 
25 the blur and the distortion can be eliminated at once. Note that some deviations are allowed for the parallelisms 
between the fingerprint collection surface A-B and the imaging plane l-J, between the fingerprint collection surface A-B 
and surface L-M, between the exit surface C-D and the incident surface K-M. 

In the above embodiment, a triangular prism is used as the prism 1 (10-33). However, a rectangular prism V (10- 
33") like the one shown in Fig. 15 may be used. Various other types of prisms may be used. Note that the diffusion plate 
30 10-32 may be mounted on the prism 1 ' (10-33*) side, as indicated by the dotted line. 

Note that the prism is defined as an optical element having two or more flat surfaces and using refraction and reflec- 
tion of light. The functions of the prism are defined as functions © to © as follows. 

® One or more reflection functions are combined into one block, and deflection and movement of optical paths are 
35 realized within a compact arrangement. 

© The direction of light is changed or the direction (azimuth) of an image is adjusted by using refraction of light. 
© The spectrum of light is analyzed by using dispersion of an optical material. 

In the above embodiment, the total reflection method is used for the fingerprint input section 10-3. Even if the opti- 
40 cal separation method is used, however, the same operations described above can be applied to the resultant arrange- 
ment. It cannot be said that one of the total reflection method and the optical path separation method is superior to the 
other. 



45 



[Embodiment 2: Eighth Aspect] 



In Embodiment 1 (see Fig. 1 A), the diameter of the pinhole PH must be decreased to some degree to increase the 
resolution of a fingerprint image. For this reason, the light intensity of a fingerprint image formed on the imaging plane 
l-J decreases. To compensate for this, the intensity of light from a light source which is irradiated on the fingerprint col- 
lection surface A-B must be increased. As a result, the service life of the light source itself is shortened because of the 

so heat generated by the light source, or the light transmitted through the prism 1 is too bright for the user, thus posing new 
problems. To solve such problems, a near infrared light-emitting diode may be used as a light source. In this case, 
although glaring can be suppressed, the problem of the generation of heat cannot be solved. 

The present applicant, therefore, has proposed an arrangement in which a lens 5-2 is placed near the rear surface 
of a pinhole plate 5-1, as shown in Fig. 17, to increase the light intensity of a fingerprint image formed on an imaging 

55 plane 5-3 without increasing the intensity of light from a light source 6. In this arrangement, when a straight line con- 
necting the center of a fingerprint collection surface 1-1 and the center of the imaging plane 5-3 is an optical axis, the 
central axis of the lens 5-2 is made to coincide with the optical axis. In addition, since a blur occurs owing to the lens 5- 
2, the inclination of the imaging plane 5-3 with respect to the optical axis is adjusted to prevent the blur. Referring to Fig. 
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coating (or liqht-shieldinq plate) formed on fflne 



1 7, reference numeral 1 -2 denotes a BHBk coating (or light-shielding plate) formed on ffWeft-side surface of a prism 1 . 

In this arrangement, however, trapezoidal distortion occurs at the imaging plane 5-3. More specifically, if an object 
in the form of a square lattice, like the one shown in Fig. 18A, is placed on the fingerprint collection surface 1-1, the 
resultant image on the imaging plane 5-3 has trapezoidal distortion like the one shown in Fig. 18B. Referring to Fig. 19, 

5 letting A-B be the fingerprint collection surface, O be the center of the pinhole, a-b be the imaging plane, X be an arbi- 
trary point on the fingerprint collection surface A-B, and x be the point at which the point X is projected on the imaging 
plane a-b, an image magnification m at the point x is given by m = Ox/OX . That is, the image magnification is deter- 
mined by the ratio of a line segment Ox to a line segment OX. In this case, since a triangle OAB is not similar to a tri- 
angle Oab, and a line segment OA is shorter than a line segment OB, the image on the point A side becomes large, 

10 whereas the image on the point B side becomes small. This trapezoidal distortion increases as the ratio of OA : OB 
increases. As the size of the fingerprint input apparatus decreases, the distance between the fingerprint collection sur- 
face and the lens must be decreased. If this distance is deer eased, the ratio of OA : OB increases, resulting in greater 
trapezoidal distortion. 

In Embodiment 2, therefore, the light intensity of a fingerprint image formed on the imaging plane 5-3 can be 
15 increased without increasing the light intensity of the light source 6, and the occurrence of trapezoidal distortion is 
greatly suppressed under the condition in which a blur is suppressed, thereby obtaining a high-quality fingerprint image. 

[Embodiment 2-1 : Barrel Distortion] 

20 Fig. 20A shows the main part of a fingerprint input apparatus according to the present invention (Embodiment 2-1 ). 
In this embodiment, a lens having barrel distortion (negative distortion) is used as a lens 5-2. A central axis LC of the 
lens 5-2 is inclined, by 01 , to the B point side on the fingerprint collection surface A-B side with respect to an optical axis 
LO (a straight line connecting a center Xq of a fingerprint collection surface A-B and a center Xo of an imaging plane a- 
b). In addition, to prevent a blur, the inclination of the imaging plane a-b with respect to the optical axis LO is adjusted. 

25 With this operation, trapezoidal distortion (see Fig. 21 A) caused when light from the fingerprint collection surface 
A-B passes through a region on the lens axis indicated by the hatching in Fig. 21 B, and a central axis LC of the lens 5- 
2 is made to coincide with the optical axis LO is corrected by the barrel distortion unique to the lens 5-2, and an image 
of the finger placed on the fingerprint collection surface A-B is formed on the imaging plane a-b while the trapezoidal 
distortion is greatly suppressed. 

30 In this case, since the light intensity of a fingerprint image formed on the imaging plane a-b by the lens 5-2 is 
increased, the intensity of light from a light source 6 need not be increased, thereby preventing shortening of the service 
life of the light source 6 due to the generation of heat and glaring of light transmitted through a prism 1 . Furthermore/a 
blur is suppressed by adjusting the inclination of the imaging plane a-b with respect to the optical axis LO, and trape- 
zoidal distortion under the condition in which this blur is suppressed is suppressed by inclining the central axis LC of 

35 the lens 5-2 by 91 with respect to the optical axis LO, thereby obtaining a high-quality fingerprint image. 

[Embodiment 2-2: Pincushion Distortion! 

Fig. 20B shows the main part of a fingerprint input apparatus according to the present invention (Embodiment 2-2). 

40 In this embodiment, a lens having pincushion distortion (positive distortion) is used as a lens 5-2. A central axis LC of 
the lens 5-2 is inclined, by 62, to the point A side on a fingerprint collection surface A-B with respect to an optical axis 
LO. In addition, to prevent a blur, the inclination of an imaging plane a-b is adjusted with respect to the optical axis LO. 

With this operation, trapezoidal distortion (see Fig. 22B) caused when light from the fingerprint collection surface 
A-B passes through a region on the lens axis indicated by the hatching in Fig. 22B, and a central axis LC of the lens 5- 

45 2 is made to coincide with the optical axis LO is corrected by the pincushion distortion unique to the lens 5-2, and an 
image of the finger placed on the fingerprint collection surface A-B is formed on the imaging plane a-b while the trape- 
zoidal distortion is greatly suppressed. 

In this case, since the light intensity of a fingerprint image formed on the imaging plane a-b by the lens 5-2 is 
increased, the intensity of light from a light source 6 need not be increased, thereby preventing shortening of the service 

so life of the light source 6 due to the generation of heat and glaring of light transmitted through a prism 1 . Furthermore, a 
blur is suppressed by adjusting the inclination of the imaging plane a-b with respect to the optical axis LO, and trape- 
zoidal distortion under the condition in which this blur is suppressed is suppressed by inclining the central axis LC of 
the lens 5-2 by 92 with respect to the optical axis LO, thereby obtaining a high-quality fingerprint image. 

As described above, there are two types of distortion, i.e., barrel distortion and pincushion distortion. The method 

55 of correcting trapezoidal distortion is equal in effect to the method of correcting trapezoidal distortion by using pincush- 
ion distortion; it cannot be said that one of the methods is superior to the other. In this embodiment, the pinhole serves 
to increase the degree of freedom in design. That is, since the pinhole is formed in front of the lens, the depth of focus 
of the lens increases, and a tolerance can be ensured for the angle defined by the imaging plane and the optical axis 
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that causes no blur, thereby satisl 

In this embodiment, the optical system of the fingerprint input apparatus is designed as follows: 

(j) The prism is positioned. 
5 © The angle of the optical axis and a distance therefrom are determined. 

(D A lens is selected (the shape, focal length, and the like of a lens), and the lens is positioned on the optical axis. 

<3). A pinhole is selected (the diameter, depth of focus, and the like of a pinhole), and is positioned. 

© While the inclination angle of the imaging plane with respect to the optical axis is changed so as not to cause a 

blur, operations ® and (§) are repeated, thereby selecting a lens, positioning the lens, selecting a pinhole, and 
10 positioning the pinhole. 

<§) An angle at which trapezoidal distortion is minimized is determined by changing the lens angle. Note that since 

a blur may occur on the imaging plane when the lens angle is changed, the position of the pinhole is adjusted to 

prevent the blur. 



15 [Embodiment 3: Ninth to 1 5th Aspects] 



Prior to a description of the ninth to 15th aspects of the present invention, the techniques on which these aspects 
are based will be described. A fingerprint input apparatus includes an optical system as a constituent, and a reduction 
in the size of the apparatus is required in consideration of the installation place, operability, and the like. The size of this 

20 fingerprint input apparatus can be effectively reduced by forming an optical system according to the optical path sepa- 
ration method and placing a light source and a prism close to each other. 

Fig. 23 shows the main part of a conventional fingerprint input apparatus using the optical path separation method. 
Referring to Fig. 23, reference numeral 1 denotes a prism; 3, a light-receiving unit; and 6, a light source. The light 
source 6 is placed on the right side of the lower surface side of the prism 1 . A black coating (or light-shielding plate) 1- 

25 2 is formed on the left-side surface of the prism 1 to irradiate light from the light source 6 on a fingerprint collection sur- 
face 1-1 through the prism 1. In this arrangement, light from the light source 6 is reflected by the pattern surface of a 
finger placed on the fingerprint collection surface 1-1 and emerges from the prism 1 to be formed into an image on an 
imaging plane (CCD) 3-2 through a lens 3-1. With the use of the optical separation method, the size of the fingerprint 
input apparatus can be reduced. 

30 Fig. 24 shows the main part of a fingerprint input apparatus using the total reflection method. In this fingerprint input 
apparatus, a light source 6 is placed on the left side of the lower surface side of a prism 1 , and light from the light source 
6 is irradiated on a fingerprint collection surface 1 -1 through a diffusion plate 7 and the prism 1 . In this arrangement, as 
is apparent from comparison with Fig. 23, since the space for the light source 6 must be ensured on the left side of the 
lower surface side of the prism 1 (at the opposite position to the light-receiving unit 3), a reduction in the size of the 

35 apparatus is limited. 

In contrast to this, the fingerprint input apparatus using the optical path separation method has an advantage in 
terms of a reduction in size. If, however, the light source 6 and the prism 1 are brought close to each other to further 
reduce the size, the incident angle on the illumination light incident surface of the prism 1 increases, and light is 
refracted and diffused. As a result, the fingerprint collection surface 1 -1 of the prism 1 partly decreases in illuminance, 

40 leading to illuminance irregularity. 

More specifically, as shown in Fig. 25, when the position of the light source 6 is a point O near the prism 1 , the inci- 
dent angle of light from the light source 6 with respect to a prism surface (illumination light incident surface) B-E 
increases with distance. As a result, the diffusion angle of light due to refraction increases, and the illuminance 
decreases toward a point B side on a prism surface (fingerprint collection surface) A-B. 

45 The collation precision of a fingerprint collation system greatly depends on whether a fingerprint image can be 
properly input. To properly input a fingerprint image, uniform illuminance must be ensured throughout the fingerprint 
collection surface 1-1 of the prism 1, and illuminance irregularity must be prevented. If illuminance irregularity occurs 
on the fingerprint collection surface 1-1 , the quality of an obtained fingerprint image deteriorates, and the collation pre- 
cision deteriorates. 

so In Embodiment 3, therefore, the light source 6 and the prism 1 are placed close to each other to attain a reduction 
in size without causing any illuminance irregularity on the fingerprint collection surface 1 -1 . That is, both a reduction in 
the size of the apparatus and an improvement in the quality of a fingerprint image are attained at once. 



[Embodiment 3-1 : Ninth, 10th, and 1 1th Aspects] 

55 

Fig. 26 shows the main part of a fingerprint input apparatus according to the present invention (Embodiment 3-1). 
The same reference numerals in Fig. 26 denote the same parts as in Fig. 23, and a description thereof will be omitted. 
In this embodiment, a cut surface 1 -3 is formed at a distance from the vertex (a point E in Fig. 23) of a prism 1 which 
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. A light source 6 is placed to oppose the c^^^a< 



opposes a fingerprint collection surfaci^l . A light source 6 is placed to oppose the curWrface 1 -3 of the prism 1 . With 
this arrangement, light from the light source 6 enters the prism 1 through the cut surface 1 -3 to be irradiated on the fin- 
gerprint collection surface 1-1 with an almost uniform diffusion angle. As a result, an almost uniform illuminance can be 
obtained on the fingerprint collection surface 1 -1 . 

In this embodiment, the cut surface 1-3 is formed under conditions ®, @, and (§) below: 



® The imaging optical path from the fingerprint collection surface 1-1 to an imaging plane 3-2 should not be 
obstructed; 

0 An image of the light source 6 should not be projected on the imaging plane 3-2; and 
10 (D Light from the light source 6 should not be totally reflected by the fingerprint collection surface 1 -1 . 



[Condition ®] 

Fig. 27 shows a region satisfying condition ®, which is indicated by hatching. Referring to Fig. 27, if the region of 
75 the fingerprint collection surface 1 -1 (A-B) is projected on the imaging plane 3-2 (a-b), light emerging from a point A is 
incident on the imaging plane 3-2 through the optical path "A a -> a". Light emerging from a point B is incident 
on the imaging plane 3-2 through the optical path "B -> 0 1 -> b w . The hatched region located under a plane A-a in Fig. 
27 is a region, in the prism 1 , which does not obstruct the imaging optical path from the fingerprint collection surface 1- 
1 to the imaging plane 3-2. If the imaging optical path from the fingerprint collection surface 1 -1 to the imaging plane 3- 
20 2 is obstructed, a fingerprint image on the imaging plane 3-2 deteriorates, resulting in a deterioration in collation preci- 
sion. 



[Condition @J 



25 According to Fresnel's formulas, light is reflected by the interface between media having different refractive indexes. 
Letting n1 and n2 be the refractive indexes of the media, a reflectance R in the case of vertical incidence is given by 
R = [(n1 - n2)/(n1 + n2>] 2 . If the refractive index n1 is the refractive index of air (n1 = 1 .0), and the refractive index n2 
is the refractive index of glass used for the prism (n2 = 1 .5), 4% of light is reflected according to the above equation. As 
is obvious from this, when light from the light source 6 is incident on the prism 1 , the light is reflected by the fingerprint 

30 collection surface 1 -1 owing to the position of the light source 6, and an image of the light source 6 is projected on the 
imaging plane 3-2. As a result, a fingerprint image on the imaging plane 3-2 deteriorates, leading to a deterioration in 
collation precision. 

In the case shown in Fig. 28, for example, the condition in which an image of the light source 6 is not projected on 
the imaging plane 3-2 is that the light source 6 is located in the hatched region under a straight line extending from a 
35 point B to a point O. Letting (3 be the angle defined by points A, B, and E of the prism 1 , y be the incident angle of light 
from a point O to a point B with respect to a surface A-B, and 0 be the angle at which light reflected at the point B is 
refracted on a surface B-E of the prism and emerges to an end point b of the imaging plane 3-2, a reflected image of 
the light source 6 is not projected on the imaging plane 3-2 as long as the light source 6 is located at a position within 
the range of y <, 0 - sin* 1 (sine/n2) (the hatched region in Fig. 28). 

40 

[Condition @] 



In the case shown in Fig. 29, when light is incident from the n2 side of n1 < n2 at the incident angle y, all the incident 
light is reflected when incident angle satisfies siny £ n2/n1 . This phenomenon is called total reflection. Even if the light 

45 source 6 is at a position where total reflection occurs, no influence is theoretically exerted on a fingerprint image on the 
imaging plane 3-2 as long as condition @ is satisfied. However, since light from light source 6 is totally reflected, stray 
light may become a flare or the like and affect a fingerprint image. When the light source 6 is to be placed to oppose 
the cut surface 1 -3, the condition for the cut surface 1-3 is that light from the light source 6 is not totally reflected by the 
fingerprint collection surface 1-1 regardless of the position of the light source 6. Note that condition (§) is not an abso- 

so lutely necessary condition, and the cut surface 1-3 may be formed under conditions ® and @ alone. 

[Embodiment 3-2: 12th Aspect] 

In Embodiment 3-1, when at least conditions ® and @ are to be satisfied, the cut surface 1-3 decreases in size, 
55 and the light source 6 may not be positioned. In this case, as shown in Fig. 30, an inclined surface may be formed as a 
cut surface 1 -3 to increase its size, as shown in Fig. 30. In this case, however, the cut surface 1 -3 is excessively inclined 
with respect to a fingerprint collection surface 1 -1 . As a result, the fingerprint collection surface 1-1 cannot be uniformly 
illuminated. That is, the left end of the fingerprint collection surface 1-1 is mainly illuminated by a light source 6, and 
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hence the fingerprint collection surarce 1 -1 cannot be uniformly illuminated. 

In contrast to this, if the distance from the vertex of the prism which opposes the fingerprint collection surface 1 -1 
and at which the cut surface 1 -3 is formed is increased, as shown in Fig. 31 , condition Q) is satisfied, but © is not sat- 
isfied (reflection condition based on Fresnel's formulas). That is. a region C-F on the cut surface 1-3 becomes a region 

s which does not satisfy condition @. In this embodiment, therefore, a black coating (or light-shielding plate) 1-2 is 
formed on the area C-F which does not satisfy condition @. 

In the case shown in Fig. 31 , if the light source 6 is placed at a region, on the cut surface 1-3, which satisfies con- 
dition @, any light shield may not be required for the region which does not satisfy condition ©. As shown in Fig. 32A, 
however, if a wail 8 is provided to prevent disturbance light from entering the optical system, stray light propagating from 

w the light source 6 to the wall 8 may be incident on an imaging plane 3-2 through the optical path "G -> H -» I -> J". In 
contrast to this, if light shielding is provided for the region C-F which does not satisfy condition <§), as shown in Fig. 32B, 
the region C-F is shielded against stray light emitted from the light source 6 and reflected by the wall 8, and no stray 
light is incident on the imaging plane 3-2. 

15 [Embodiment 3-3: 13th Aspect] 

In Embodiment 3-1 , the cut surface 1-3 of the prism 1 is flat. In this case, light from the light source 6 is refracted 
by the cut surface 1-3, and the directivity increases. Strictly speaking, therefore, the peripheral portion of the fingerprint 
collection surface 1-1 becomes darker than the central portion. 
20 In Embodiment 3-3, therefore, a cut surface 1-3 is formed into a concave surface, as shown in Fig. 33A. The cur- 
vature of this concave surface is matched with the directivity of a light source 6 so as to uniformly illuminate the finger- 
print collection surface 1 -1 . 

[Embodiment 3-4: 1 4th Aspect] 

25 

In Embodiment 3-3, the cut surface 1-3 of the prism 1 is formed into a concave surface. In practice, however, even 
if the fingerprint collection surface 1 -1 is illuminated with uniform intensity, a fingerprint image with uniform light intensity 
cannot be obtained on the imaging plane 3-2 because of vignetting on the lens 3-1 and the like or a light amount sen- 
sitivity difference caused when the imaging plane (CCD) 3-2 is inclined with respect to the optical axis. 
30 In Embodiment 3-4, therefore, the outer periphery of a concave cut surface 1 -3 is formed into a convex surface, as 
shown in Fig. 33B. With this structure, light from a light source 6 is diffused by a concave surface 1-3a of the central 
portion of the cut surface 1-3, focused by a convex surface 1-3b of the outer periphery of the cut surface 1-3, and irra- 
diated on a fingerprint collection surface 1 -1 , thereby compensating the light intensity distribution on an imaging plane 
3-2. 

35 

[Embodiment 3-5: 15th Aspect] 

In each of Embodiments 3-1 to 3-4, the cut surface 1-3 is formed on the prism 1 to improve illumination irregularity 
on the fingerprint collection surface 1 -1 . In contrast to this, in Embodiment 3-5, as shown in Fig. 34A, a light source 6 
40 is placed close to a prism surface B-E through a matching member 9 having a high refractive index. No cut surface 103 
is formed on a prism 1 . With this structure, a light beam is not refracted by the prism surface B-E, and light from the light 
source 6 can be irradiated on a fingerprint collection surface 1-1 with the diffusion angle being kept almost uniform. 

As a material for the matching member 9, a refractive index matching solution is known. However, a material other 
than this solution, e.g., an epoxy-based adhesive, may be used as long as the difference between the refractive indexes 
4$ of the prism 1 and the material does not greatly influence the uniformity of illumination on the fingerprint collection sur- 
face 1-1. 

In addition, as shown in Fig. 34B, a cut surface 1 -3 may be formed on the prism 1 , and the light source 6 may be 
placed close to the cut surface 1-3 through the matching member 9. 

In Embodiment 3-5, a high-quality fingerprint image can be obtained with a compact apparatus, and the following 
so additional effect can also be obtained. Since heat generated by the light source 6 is radiated onto the prism 1 through 
the matching member 9, perspiration of the finger is stimulated. As a result, a clear fingerprint image can be obtained. 

[Embodiment 4: 16th to 18th Aspects] 

55 Prior to a description of the 16th to 18th aspects of the present invention, the techniques on which these aspects 
are based will be described. A fingerprint input apparatus includes an optical system as a constituent, and a reduction 
in the size of the apparatus is required in consideration of the installation place, operability, and the like. To realize such 
a compact fingerprint input apparatus, a surface-mounting type LED is often used as a light source. 
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intentional fingerprint input apparatus. Refemrepo 



Fig. 35 shows the main part of a cBnventional fingerprint input apparatus. Referring) Fig. 35, reference numeral 
6 denotes a light source (LED); 1 1 , a substrate having a front surface 1 1 F on which the LED 6 is mounted; 1 , a prism; 
and 3, a light-receiving unit. This apparatus uses the optical path separation method. The substrate 1 1 having the LED 
6 mounted thereon is placed on the right side of the lower surface side of the prism 1, and a black coating (or light- 
5 shielding plate) 1 -2 is formed on the left-side surface of the prism 1 . With this arrangement, light from the LED 6 is irra- 
diated on the a fingerprint collection surface A-B through the prism 1 . In this arrangement, light reflected by the pattern 
surface of a finger placed on the fingerprint collection surface A-B and emerging from the prism 1 is formed into an 
image on an imaging plane (CCD) 3-2 through a lens 3-1 of the light-receiving unit 3. 

In this fingerprint input apparatus, however, a large amount of light leaks on the side and rear surfaces of the LED 
10 6. That is, since light from the side and rear surfaces of the LED 6 is not incident on the prism 1 , the illumination effi- 
ciency for the fingerprint collection surface A-B is poor. The collation precision of a fingerprint collation system greatly 
depends on whether a fingerprint image can be properly input. If, therefore, the illumination efficiency for the fingerprint 
collection surface A-B deteriorates, the quality of a fingerprint image deteriorates, resulting in a deterioration in collation 
precision. 

75 In addition, light which is transmitted through the side surfaces of the LED 6 and the substrate 1 1 and leaks out 
from a rear surface 1 1 R becomes stray light, which then enters, as noise, a fingerprint image formed on the CCD 3-2. 
As a result, the quality of the fingerprint image deteriorates, and the collation precision deteriorates. 

Note that a reflecting mirror 1 2 like the one indicated by the dotted lines in Fig. 35 may be placed on the rear surface 
side of the substrate 1 1 to cause light transmitted through the side surfaces of the LED 6 and the substrate 1 1 and leak- 

20 ing out from the rear surface 1 1 R to be incident on the prism 1 . In this method, however, the number of parts increases, 
leading to an increase in cost and interfering with a reduction in size. In this case, since light transmitted through the 
substrate 1 1 and leaking out from the rear surface 1 1 R is transmitted through the substrate 1 1 and incident on the prism 
1 , i.e., the light passes through the substrate 1 1 twice, the light intensity decreases. 

In Embodiment 4, therefore, a high-quality fingerprint image is obtained at a low cost without interfering with a 

25 reduction in size. 

Fig. 36 shows the main part of a fingerprint input apparatus according to the present invention. The same reference 
numerals in Fig. 36 denote the same parts as in Fig. 35, and a description thereof will be omitted. 



[Embodiment 4-1 : 16th Aspect] 

30 

In Embodiment 4-1 , a film (reflecting film) 1 1 -1 having a high reflectance is formed on a front surface 1 1 F of a sub- 
strate 1 1 , i.e., the front surface 1 1 F of the substrate 1 1 on which an LED 6 is mounted. 

Figs. 37A and 37B show how the reflecting film 11-1 is formed on the substrate 11. Power supply electrode pads 
PA and PB and LED electrode pads P1 1( P1 2 , P2 1f P2 2 , P3 1( P3 2 , P4^ P42, P5 1t P52, P6 1f and P6 2 are formed on the 
35 front surface 1 1 F of the substrate 1 1 by etching a metal film. The reflecting film 1 1-1 is formed on the entire region of 
the substrate except for the portions where these electrode pads are formed. 

A coating method, a printing method, or the like may be used to form the reflecting surface 1 1-1. In this embodi- 
ment, the reflecting film 1 1 -1 is formed on the front surface 1 1 F of the substrate 1 1 by a screen printing method using 
a white coating material. Since the reflectance of the white coating material for screen printing is 80%, light can be effi- 
40 ciently reflected. In addition, since the white coating material diffuses/reflects light, a uniform light intensity distribution 
with little directivity can be realized. Furthermore, element numbers and the like are printed on the substrate 11 by 
screen printing, and the reflecting film 11-1 can be formed in the same process as this printing process, this method is 
advantageous in terms of cost. 

As shown in Figs. 38A and 38B f after the reflecting film 1 1 -1 is formed on the substrate 1 1 , an LED 6-1 is connected 
45 to the LED pads P^ and P1 2 through solder portions F, an LED 6-2 is connected to the LEDs P2 1 and P2 2 through 
solder portions F, an LED 6-3 is connected to the LED pads P3 1 and P3 2 through solder portions F, an LED 6-4 is con- 
nected to the LED pads P4 1 and P4 2 through solder portions F, an LED 6-5 is connected to the LED pads P5^ and P5 2 
through solder portions F, and an LED 6-6 is connected to the LED pads P6^ and P6 2 through solder portions F. 

With this structure, light leaking from the side and rear surfaces of the LEDs 6-1 to 6-6 is reflected by the reflecting 
so film 1 1-1 of the front surface 1 1 F of the substrate 1 1 and incident on a prism 3. As a result, the illumination efficiency 
for the fingerprint collection surface A-B improves, and the collation precision at a low cost without interfering with a 
reduction in size. 



[Embodiment 4-2: 17th Aspect] 

55 

In Embodiment 4-2, a film (light-shielding film) 1 1-V for shielding light is formed on a front surface 1 1F of a sub- 
strate 1 1 on which an LED 6 is mounted. 

In this embodiment, as in Embodiment 1 , the light-shielding film 1 1 -V is formed by screen printing. Note, however, 
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printing is used for the light-shielding film 1^^£ 



that a black coating material for scrSBn printing is used for the light-shielding film 1 1^^Since the light-shielding film 1 1 - 
1 ' is black, light is absorbed into the coating material, thus preventing the light from passing through a rear surface 1 1 R 
of the substrate 11. 

With this structure, light leaking from the side and rear surfaces of LEDs 6-1 to 6-6 is shielded by the light-shielding 
5 film 1 1 -1 1 of the front surface 1 1 F of the substrate 1 1 to prevent the light from pass through the substrate 1 1 and leaking 
from the rear surface 1 1 R. As a result, the amount of stray light entering, as noise, a fingerprint image formed on a CCD 
3-2 decreases, and the quality of the fingerprint image improves. The collation precision can therefore be improved at 
a low cost without interfering with a reduction in size. 

Similar to the reflecting film 1 1 -1 , the light-shielding film 1 1 -1 ' is formed on the entire region of the substrate except 
10 for the portions where electrode pads P are formed. If, however, the print portion overlaps the pad portions to such an 
extent that no influence is exerted on bonding of the LEDs 6-1 to 6-6, leakage of light can be prevented more effectively. 
That is, the light-shielding characteristics improve. 



[Embodiment 4-3: 18th Aspect] 

15 

In Embodiment 4-3, a film (reflecting/light-shielding film) 11-1" having a high reflectance and serving to shield light 
is formed on a front surface 1 1 F of a substrate 1 1 on which an LED 6 is mounted. 

In this embodiment, as in Embodiment 1 , the reflecting/light-shielding film 11-1" is formed by screen printing. Note, 
however, that a white coating material for screen printing is used for the reflecting/light-shielding film 11-1 and the film 
20 is formed thick. Since the white coating material is printed thick, light is diffused/reflected by the front surface 1 1 F of the 
substrate 1 1 . Although the absorbance of the white coating material is low, a larger amount of light can be absorbed 
with an increase in the thickness of the film. Even a white coating material can shield light depending on the film thick- 
ness. 

With this structure, light leaking from the side and rear surfaces of LEDs 6-1 to 6-6 is reflected by the reflect- 
25 ing/light-shielding film 11-1" on the front surface 1 1 F of the substrate 1 1 to be incident on a prism 1 . As a result, the 
illumination efficiency for a fingerprint collection surface A-B improves, and the collation precision improves. In addition, 
light leaking from the side and rear surfaces of the LEDs 6-1 to 6-6 is shielded by the reflecting/light-shielding film 11- 
1" on the front surface 1 1 F of the substrate 1 1 to prevent the light from passing through the substrate 1 1 and leaking 
out from a rear surface 1 1 R of the substrate. As a result, the amount of stray light entering, as noise, a fingerprint image 
30 formed on a CCD 3-2 decreases, and the quality of the fingerprint image improves, thus improving the collation preci- 
sion. 

In Embodiment 4-3, as in Embodiment 4-2, if the print portion overlaps the pad portions to such an extent that no 
influence is exerted on bonding of the LEDs 6-1 to 6-6, leakage of light can be prevented more effectively, and the light- 
shielding characteristics improve. 

35 

[Embodiment 4-4: 18th Aspect] 



In Embodiment 4-3, the reflecting/light-shielding film 11-1" is formed by screen printing. In contrast to this, in 
Embodiment 4-4, a reflecting/light-shielding film 11-1" is formed by using a metal film. 
40 In this case, when electrode pads PA, PB, P1 1( P1 2 to P6 1( and P6 2 are to be formed on a front surface 1 1F of a 
substrate 1 1 by etching, gaps are ensured around the respective electrode pads P, and a metal film is left outside the 
gaps (see Fig. 39A). This left metal film is the reflecting/light-shielding film 11-1". 

The surface of the metal film reflect light efficiently. In addition, since light is not transmitted through the film, a light- 
shielding effect can be ensured. In Embodiment 4-4 using the metal film as the reflecting/light-shielding film 11-1", the 
45 same effects as those of Embodiment 4-3 can be obtained. 

Referring to Fig. 39A, relatively thick white coatings are formed on gaps G (GA, GB, G1 1( G1 2 to GS^ t and G62) 
ensured around the respective pads P by screen printing. With these coatings, the respective pads P can be reliably 
insulated from each other, and the light-shielding characteristics can be improved. 

50 [Embodiment 4-5: 1 6th to 1 8th Aspects] 



In Embodiments 4-1 to 4-4 described above, the present invention is applied to the fingerprint input apparatuses 
using the optical separation method. However, the present invention can also be applied to fingerprint input appara- 
tuses using the total reflection method. As shown in Fig. 40, a fingerprint input apparatus using the total reflection 
55 method is designed such that a substrate 1 1 having an LED 6 mounted thereon is placed on the left side of the lower 
surface side of a prism 1 , and light from the LED 6 is irradiated on a fingerprint collection surface A-B through a diffusion 
plate 7 and the prism 1 . In this arrangement, a reflecting film 1 1 -1 , a light-shielding film 1 1-1\ or a reflecting/light-shield- 
ing film 11-1" is formed on a front surface 1 1 F of the substrate 1 1 having the LED 6 mounted thereon in the same man- 
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[Embodiment 5: 19th to 24th Aspects] 

5 Prior to a description of the 19th to 24th aspects of the present invention, the techniques on which these aspects 
are based wilt be described. The collation precision of a fingerprint collation system greatly depends on whether a fin- 
gerprint image can be properly input. For example, disturbances affecting a fingerprint image input operation include 
dust and the like adhering to an optical system including a prism and a lens and disturbance light entering the imaging 
plane of a CCD. If disturbance light enters the imaging plane, a fingerprint image is made dim. A clear, high-contrast 

10 fingerprint image cannot therefore be obtained. Conventionally, a main body case for covering the overall fingerprint 
input apparatus is made to have a hermetic structure to protect the apparatus against such disturbances. 

Fig. 41 shows the main part of a conventional fingerprint input apparatus. Referring to Fig. 41 , reference numeral 
6 denotes a light source; 1, a prism; 13, a prism holder; 3, a light-receiving unit; and 14, a main body case. The light 
source 6 is placed on the right side of the lower surface side of the prism 1 . The prism 1 is held by the prism holder 13. 

15 The prism holder 13 is fixed to the main body case 14 such that a fingerprint collection surface 1-1 of the prism 1 
opposes a finger mount portion opening 14-1 of the main body case 14. The light-receiving unit 3 includes a lens 3-1 , 
an imaging plane (CCD) 3-2, and an imaging plane case 3-3. The main body case 14 has a hermetic structure. 

In this fingerprint input apparatus, light from the light source 6 is irradiated on the fingerprint collection surface 1-1 
through the prism 1. The light is reflected by the pattern surface of a finger placed on the fingerprint collection surface 

20 1-1, emerges from the prism 1 , and is formed into an image on the imaging plane 3-2 through the lens 3-1 of the light- 
receiving unit 3. In this case, the main body case 14 having a hermetic structure prevents dust and the like from adher- 
ing to the optical system including the lens 3-1 and the like, and also prevents external light (disturbance light ®) from 
entering the imaging plane 3-2. 

In this conventional fingerprint input apparatus, however, light (disturbance light @) emitted from the light source 

25 6 and detouring the prism 1 to enter the imaging plane 3-2 cannot be prevented. In addition, since the main body case 
14 has a hermetic structure, it is difficult to dissipate heat generated by the light source 6 and the circuits inside the 
case. The apparatus tends to deteriorate owing to this heat. Furthermore, since the main body case 14 is heavy, a 
reduction in the weight of the apparatus is interfered. 

Embodiment 5 is therefore designed to reliably prevent dust and the like from adhering to an optical system and 

30 prevent disturbance light from entering the imaging plane 3-2 without making the main body case 14 have a hermetic 
structure, thereby obtaining a high-quality fingerprint image. 

[Embodiment 5-1} 

35 Fig. 42 shows the main part of a fingerprint input apparatus according to the present invention (Embodiment 5-1). 
The same reference numerals in Fig. 42 denote the same parts as in Fig. 41 , and a description thereof will be omitted. 

In Embodiment 5-1 , a light-shielding cover 15 is placed between a prism 1 and a light-receiving unit 3' to cover an 
imaging optical path between an exit surface 1 -4 of the prism 1 and an imaging plane 3-2 while isolating the optical path 
from the outside. In this case, a prism holder 13' for holding the prism 1 has openings 13-1 and 13-2 formed in surface 

40 portions opposing the exit surface 1-4 of the prism 1 and an incident surface 1-5 on which light from a light source 6 is 
incident (see Fig. 43). An opening 15-1 of the light-shielding cover 15 on one end side is coupled to the opening 13-1 
of the prism holder 13* with a fitting structure An opening 15-2 of the light-shielding cover 15 on the other side is also 
coupled to an opening 3-3a of an imaging plane cover 3-3* with a fitting structure. Note that many air holes 14-2 are 
formed in a body case 1 4\ 

45 In this fingerprint input apparatus, light from the light source 6 is irradiated on the fingerprint collection surface 1 -1 
through the prism 1 . The light is reflected by the pattern surface of a finger placed on the fingerprint collection surface 
1-1, emerges from the exit surface 1-4 of the prism 1 , and is formed into an image on the imaging plane 3-2 through a 
lens 3-1 . In this case, the light-shielding cover 15 prevents dust and the like from adhering to the optical system includ- 
ing the lens 3-1 and the like; external light (disturbance light 0) from entering the imaging plane 3-2 through the air 

so holes 14-2; and light (disturbance light @) emitted from the light source 6 from detouring the prism 1 and entering the 
imaging plane 3-2. 

In this fingerprint input apparatus, heat generated by the light source 6 and the circuits inside the body case 14' is 
dissipated through the air holes 14-2 formed in the body case 14\ With the formation of the air holes 14-2 in the body 
case 1 4\ the weight of the body case 1 4' is decreased, and hence a reduction in the overall weight of the apparatus can 
55 be attained. In addition, since the light-shielding cover 15 serves as a reinforcing member, the positional relationship 
between the components of the optical system can be reliably maintained against vibrations and external forces, 
thereby preventing offsets (size, position, and distortion) of a formed image, and allowing a fingerprint image to be sta- 
bly input. 
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c^Proise process is performed for the surface onlfc i 



In this embodiment, an opticambise process is performed for the surface oHre inner wall of the light-shielding 
cover 15. More specifically, a black matte coating is formed on the surface of the inner wall of the light-shielding cover 
15 to prevent disturbance light ® emerging from the prism 1 from entering the imaging plane 3-2 as optical noise. In 
the absence of the light-shielding cover 15, disturbance light (§) emerging from the prism 1 does not enter the imaging 

s plane 3-2. In the presence of the light-shielding cover 1 5, however, the light is repeatedly reflected by the surface of the 
inner wall of the light-shielding cover 15 to enter the imaging plane 3-2. For this reason, the black matte coating is 
formed on the surface of the inner wall of the light-shielding cover 15 to prevent disturbance light © from entering the 
imaging plane 3-2. Note that an optical noise process may be performed by a method of forming a velvety coating sur- 
face by electrostatic coating, a method of forming the surface of the inner wall into an uneven surface, and the like as 

10 well as the method of forming a black matte coating. That is, entrance of light © into the imaging plane 3-2 is prevented 
by absorbing or diffusely reflecting the light incident on the surface of the inner wall of the light-shielding cover 15. 

In this embodiment, a film having a high reflectance is formed on the surface of the outer wall of the light-shielding 
cover 15. With this structure, light which is not directly irradiated from the light source 6 onto the prism 1 is reflected by 
the high-reflectance film on the surface of the outer wall of the light-shielding cover 15 to be incident on the prism 1 , 
15 thereby improving the illumination efficiency. 

In this embodiment, since the light-shielding cover 15 is coupled to the main body by a fitting structure, an optical 
system positioning effect can be obtained. In addition, since the frame and the cover are tightly coupled to each other 
without any gap, the light-shielding effect and the dustproof effect improve. In this case, if the light-shielding cover 15 is 
temporarily secured to the main body with a fitting structure, and is fastened to the main body with screws or the like 
20 afterward, the reinforcing effect improves. 



[Embodiment 5-2] 



Fig. 44 shows the main part of a fingerprint input apparatus according to the present invention (Embodiment 5-2). 

25 In Embodiment 5-2, a light source cover 16 is provided for a light source 6'. The light source cover 16 covers the light 
source 6' except for a portion on the exit surface side with respect to a prism 1 . In addition, the light source cover 16 
and a light-shielding cover 15 are integrally formed. > 

In this fingerprint input apparatus, the illumination efficiency of the light source 6' with respect to the prism 1 is 
improved by the light source cover 16. By integrally forming the light-shielding cover 15 and the light source cover 16, 

30 the number of parts and the number of manufacturing steps can be decreased, thus attaining a reduction in cost. In 
addition, when the light-shielding cover 15 is positioned, the light source cover 16 is positioned at the same time, thus 
facilitating an assembly operation and shortening the time required for assembly. When the light-shielding cover 15 and 
the light source cover 1 6 are to be integrally formed, the molds are drawn in the same direction. For this reason, no extra 
mold is required. 

35 In this embodiment, as in Embodiment 5-1 , an optical noise process is performed for the surface of the inner wall 
of the light-shielding cover 15, a film having a high reflectance is formed on the surface of the outer wall of the light- 
shielding cover 15 or the light source cover 16, and the integrally formed light-shielding cover 15 and light source cover 
1 6 are coupled to the main body with a fitting structure. In this embodiment, if a film having a high reflectance is formed 
on the surface of the inner wall of the light source cover 16, the reflectance increases, and the illumination efficiency 

40 improves. 

In each of Embodiments 5-1 and 5-2, the lens 3-1 is used to form a fingerprint image on the imaging plane 3-2. 
However, a pinhole may be used in place of the lens 3-1 . 

In Embodiment 5-1 (Fig. 42), the optical system is arranged according to the optical path separation method, but 
may be arranged according to the total reflection method. According to the total reflection method, the light source 6 is 

45 placed on the left side of the lower surface side of the prism 1 , and light from the light source 6 is irradiated on the fin- 
gerprint collection surface 1-1 through the prism 1 . In this arrangement, however, since the space for the light source 6 
must be ensured on the left side of the lower surface side of the prism 1 (on the opposite side to the light-receiving unit 
3*), a reduction in the size of the apparatus is limited. Embodiment 5-2 (Fig. 44) is suited for a case in which the optical 
system is arranged according to the optical path separation method. 

so As is obvious from the above description, according to the first aspect and the second, fourth, fifth, sixth, and sev- 
enth aspects associated with the first aspect, light reflected by the pattern surface of a finger placed directly or indirectly 
on the fingerprint collection surface and emerging from the prism passes through the pinhole to be formed into an 
image on the imaging plane almost parallel to the optical fingerprint collection surface of the prism. In this arrangement, 
since the optical path ratio is made constant, and one point on the fingerprint collection surface is imaged at one point 

55 on the imaging plane, a blur and distortion can be greatly reduced, and a high-quality fingerprint image can be obtained. 
According to the third aspect and the fourth, fifth, sixth, and seventh aspects associated with the third aspect, the 
optical system on the first prism side and the optical system on the second prism side are set to be similar to each other. 
With this arrangement, light reflected by the pattern surface of a finger placed directly or indirectly on the fingerprint col- 
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lection surface and emerging from theWt prism passes through the pinhole to be fornWnnto an image on the imaging 
plane through the second prism. A blur and distortion can be eliminated at once, and hence a high-quality fingerprint 
image can be obtained. 

According to the eighth aspect, the imaging plane is inclined with respect to the optical axis to prevent a blur, and 
5 the central axis of the lens is inclined with respect to the optical axis to prevent trapezoidal distortion. With this arrange- 
ment, the light intensity of a fingerprint image formed on the imaging plane can be increased without increasing the 
intensity of light from the light source, and the occurrence of trapezoidal distortion can be greatly suppressed under the 
condition in which a blur is suppressed, thereby obtaining a high-quality fingerprint image. 

According to the ninth aspect, light from the light source is incident on the prism through the cut surface and irradi- 
10 ated on the fingerprint collection surface with an almost uniform diffusion angle. The light can therefore be placed near 
the prism to realize a compact structure without causing illumination irregularity on the fingerprint collection surface. 
That is, both a reduction in the size of the apparatus and an improvement in the quality of a fingerprint image can be 
realized at once. 

According to the 10th aspect, the imaging optical path of light propagating from the fingerprint collection surface to 
is the imaging plane is not shielded within the prism, and an image of the light source is not projected on the imaging 
plane. For this reason, both a reduction in the size of the apparatus and an improvement in the quality of a fingerprint 
image can be realized at once. 

According to the 1 1th aspect, the imaging optical path of light propagating from the fingerprint collection surface to 
the imaging plane is not shielded within the prism, and an image of the light source is not projected on the imaging 
20 plane. In addition, light from the light source is not totally reflected by the fingerprint collection surface. In addition to the 
effects of the 10th aspect, therefore, the effect of preventing total reflection from adversely affecting a fingerprint image 
can be obtained. 

According to the 12th aspect, the imaging optical path of light propagating from the fingerprint collection surface to 
the imaging plane is not shielded within the prism, and there is no possibility that an image of the light source is pro- 

25 jected on the imaging plane owing to the light-shielding effect provjded for the cut surface. The size of the apparatus 
can therefore be further reduced by increasing the cut surface. 

According to the 13th aspect, light from the light source is incident on the prism through the concave cut surface. 
With this arrangement, illumination to the fingerprint collection surface can be made uniform as compared with a case 
in which a flat cut surface is formed. * . 

30 According to the 1 4th aspect, light from the light source is diffused by the concave inner surface of the cut surface 
and is focused by the convex surface of the outer periphery of the cut surface to be irradiated on the fingerprint collec- 
tion surface. With this arrangement, the light intensity distribution on the imaging plane can be made uniform. 

According to the 15th aspect, light from the light source is incident on the prism through the matching member to 
be irradiated on the fingerprint collection surface with an almost uniform diffusion angle. With this arrangement, both a 

35 reduction in the size of the apparatus and an improvement in the quality of a fingerprint image can be realized at once. 
In this arrangement of the apparatus, the prism need not have a cut surface. In addition, since heat generated by the 
light source is radiated to the prism through the matching member, perspiration of the finger is stimulated. As a result, 
an additional effect of obtaining a clear fingerprint image can be obtained. 

According to the 16th aspect, light leaking from the side and rear surfaces of the light source is reflected by the 

40 reflecting film on the substrate surface and incident on the prism. As a result, the illumination efficiency for the finger- 
print collection surface improves, and hence a high-quality fingerprint image can be obtained at a low cost without inter- 
fering with a reduction in size. 

According to the 1 7th aspect, light leaking from the side and rear surfaces of the light source is shielded by the light- 
shielding film on the substrate surface to be prevented from passing through the substrate and leaking out from the rear 

45 surface. As a result, the amount of stray light entering, as noise, a fingerprint image formed on the imaging plane 
decreases, and hence the quality of a fingerprint image can be further improved at a low cost without interfering with a 
reduction in size. 

According to the 18th aspect, light leaking from the side and rear surfaces of the light source is reflected by the 
reflecting/light-shielding film on the substrate surface to be incident on the prism. In addition, the light leaking from the 

so side and rear surfaces of the light source is shielded by the reflecting/light-shielding film on the substrate surface to be 
prevented from passing through the substrate and leaking out from the rear surface. The effects of both the 16th and 
1 7th aspects can therefore be obtained. 

According to the 19th aspect, the light-shielding cover for covering the imaging optical path between the exit sur- 
face and imaging plane of the prism while isolating the optical path from the outside is used to reliably prevent dust and 

55 the like from adhering to the optical system; and disturbance light (disturbance light ® and 0) from entering the imag- 
ing plane, thereby obtaining a high-quality fingerprint image. In addition, since the light-shielding cover serves as a rein- 
forming member, the positional relationship between the components of the optical system can be reliably maintained 
against vibrations and external forces. Offsets (size, position, and distortion) of a formed image can therefore be pre- 
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vented, and a fingerprint image CE^e stably input. 

According to the 20th aspect, since an optical noise process is performed for the surface of the inner wall of the 
light-shielding cover in the 19th aspect, disturbance light (distuibance light ©) emerging from the prism can be pre- 
vented from entering, as optical noise, the imaging plane. 

5 According to the 21st aspect, since the high-reflectance film is formed on the surface of the outer wall of the light- 
shielding cover in the 19th or 20th aspect, light which is not directly irradiated from the light source onto the prism is 
reflected by the high-reflectance film to be incident on the prism. As a result, the illumination efficiency improves. 

According to the 22nd aspect, since the light source cover covers the light source except for the exit surface side 
with respect to the prism, the illumination efficiency for the prism improves. In addition, since the light-shielding cover 

10 and the light source cover are integrally formed, the number of parts decreases. As a result, a reduction in cost can be 
attained. 

According to the 24th aspect, the opening of the light-shielding cover on one end side is coupled to the opening of 
the prism holder which opposes the exit surface of the prism with the fitting structure, and the opening of the light-shield- 
ing cover on the other side is coupled to the opening of the imaging plane case with the fitting structure. When, there- 
is fore, these member are to be completely assembled with screws or the like, the three members, i.e., the prism (prism 
holder), the light-shielding cover, and the imaging plane cover, can be easily secured temporarily. In addition, since the 
coupling portions have no gaps, the light-shielding effect and the dustproof effect can be improved as well as the optical 
system positioning effect. 

20 Claims 

■I 

1 . A fingerprint input apparatus characterized by comprising : 

a prism (1) placed such that a surface in one direction serves as a fingerprint collection surface (A-B); 
25 a light source (1 0-31 ) for irradiating light on the fingerprint collection surface through said prism; 

a pinhole (PH) set in a path of light which is reflected by a pattern surface of a finger placed on said fingerprint 
collection surface and emerges from said prism; and 

an imaging plane (l-J) on which the light emerging from said prism and passing through said pinhole is formed 
into an image, 

30 wherein when said prism is substituted by air, an optical fingerprint collection surface equivalent to the 

fingerprint collection surface is set to be substantially parallel to said imaging plane. 

2. An apparatus according to claim 1 , wherein when the optical fingerprint collection surface has distortion with 
respect to the fingerprint collection surface, said imaging plane is rotated through a predetermined angle. 

35 

3. A fingerprint input apparatus characterized by comprising: 

a first prism (1) placed such that a surface in one direction serves as a fingerprint collection surface (A-B); 
a light source (10-31) for irradiating light on the fingerprint collection surface through said first prism; 
40 a pinhole (PH) set in a path of light which is reflected by a pattern surface of a finger placed on said fingerprint 

collection surface and emerges from said first prism; 

an imaging plane (l-J) on which the light emerging from said first prism and passing through said pinhole is 
formed into an image; and 

a second prism (4) placed in front of said imaging plane, 
45 wherein the fingerprint collection surface of said first prism is set to be substantially parallel to said 

imaging plane, the fingerprint collection surface of said first prism is set to be substantially parallel to a surface 
of said second prism on the imaging plane side, and an exit surface of said first prism with respect to said pin- 
hole is set to be substantially parallel to an incident surface of said second prism with respect to said pinhole. 

so 4. An apparatus according to any one of claims 1 , 2, and 3, further comprising pinhole position adjusting means (1 0- 
35) for adjusting a position of said pinhole. 

5. An apparatus according to claim 4, wherein said pinhole position adjusting means is constituted by a manual 
adjusting mechanism, and said apparatus further comprises a display section (10-2) for displaying a fingerprint 

55 image formed on said imaging plane. 

6. An apparatus according to claim 4, wherein said pinhole position adjusting means automatically adjusts the posi- 
tion of said pinhole. 
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claims 1 , 2, and 3, wherein said light sourcSlTir 



7. An apparatus according to any onSW claims 1 , 2, and 3, wherein said light sourcCTRn LED or a laser beam radi- 
ator. 

8. A fingerprint input apparatus characterized by comprising: 

5 

a prism (1) placed such that a surface in one direction serves as a fingerprint collection surface (A-B); 

a light source (6) for irradiating light on the fingerprint collection surface through said prism; 

a pinhole set in a path of light which is reflected by a pattern surface of a finger placed on said fingerprint col- 
lection surface and emerges from said prism; 
10 a lens (5-2) placed close to a rear side of said pinhole; and 

an imaging plane (a-b) on which the light emerging from said prism and passing through said pinhole and said 

lens is formed into an image, 

wherein when a straight line connecting a center of the fingerprint collection surface and a center of said 

imaging plane is an optical axis, said imaging plane is inclined with respect to the optical axis to prevent a blur, 
is and a central axis of said lens is inclined with respect to the optical axis to prevent trapezoidal distortion. 



9. A fingerprint input apparatus, in which 



a prism (1) placed such that a surface in one direction serves as a fingerprint collection surface (1-1), 
20 a light source (6) for irradiating light on the fingerprint collection surface through said prism, and 

an imaging plane (3-2) on which light reflected by the fingerprint collection surface and emerging from said 

prism is formed into an image 

are arranged by an optical path separation method, 

characterized in that a cut surface (1-3) is formed at a distance from a vertex of said prism which 
25 opposes the fingerprint collection surface, and 

said light source is placed to oppose the cut surface of said prism. 



10. An apparatus according to daim 9, wherein the cut surface is formed under conditions that an imaging optical path 
of light from the fingerprint collection surface to said imaging plane is not prevented, and an image of said light 

30 source is not projected on said imaging plane. 

1 1 . An apparatus according to claim 9, wherein the cut surface is formed under conditions that an imaging optical path 
of light from the fingerprint collection surface to said imaging plane is not prevented, an image of said light source 
is not projected on said imaging plane, and light from said light source is not totally reflected by the fingerprint col- 

35 lection surface. 

1 2. An apparatus according to claim 9, wherein the cut surface is formed under a condition that an imaging optical path 
of light from the fingerprint collection surface to said imaging plane is not prevented, and a light shield is provided 
for a region, on the cut surface, on which an image of said light source can be projected. 

40 

13. An apparatus according to any one of claims 9 to 12, wherein the cut surface of said prism is a concave surface. 

14. An apparatus according to claim 13, wherein the cut surface of said prism has a convex outer periphery. 

45 1 5. A fingerprint input apparatus, in which 

a prism (1) placed such that a surface in one direction serves as a fingerprint collection surface (1-1), 
a light source (6) for irradiating light on the fingerprint collection surface through said prism, and 
an imaging plane (3-2) on which light reflected by the fingerprint collection surface and emerging from said 
so prism is formed into an image 

are arranged by an optical path separation method, 

characterized in that said light source is placed in contact with said prism through a matching member 
(9) having a predetermined refractive index. 

55 16. A fingerprint input apparatus comprising: 

a prism (1) placed such that a surface in one direction serves as a fingerprint collection surface (A-B), and 
a light source mounted on a surface of a substrate (1 1) and serving to irradiate light on the fingerprint collection 
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surface through said prisi^^ 

characterized in that a film (1 1-1) having a high reflectance is formed on the surface of the substrate on 
which said light source is mounted. 

17. A fingerprint input apparatus comprising: 

a prism (1) placed such that a surface in one direction serves as a fingerprint collection surface (A-B), and 
a light source mounted on a surface of a substrate (1 1) and serving to irradiate light on the fingerprint collection 
surface through said prism, 

characterized in that a film (11-1*) for shielding light is formed on the surface of the substrate on which 
said light source is mounted. 

18. A fingerprint input apparatus comprising: 

a prism (1) placed such that a surface in one direction serves as a fingerprint collection surface (A-B), and 
a light source mounted on a surface of a substrate (1 1) and serving to irradiate light on the fingerprint collection 
surface through said prism, 

characterized in that a film (1 1-1**) having a high reflectance and shielding light is formed on the surface 
of the substrate on which said light source is mounted. 

19. A fingerprint input apparatus characterized by comprising: 

a prism (1) placed such that a surface in one direction serves as a fingerprint collection surface (1-1); 
a light source (6) for irradiating light on the fingerprint collection surface through said prism; 
an imaging plane (3-2) on which light reflected by a pattern surface of a finger placed on the fingerprint collec- 
* tidh" surface and emerging from Tsaid prism is formed Into an imagef " 
a prism holder (13) for holding said prism to fix the fingerprint collection surface such that the fingerprint col- 
lection surface opposes a finger mount portion opening (1 4-1 ) of a main body case (1 4), said prism holder hav- 
ing an opening at least in a surface portion opposing an exit surface of said prism and an incident surface of 
said prism on which light from said light source is incident; and 

a light-shielding cover (15) for covering an imaging optical path between the exit surface of said prism and said 
imaging plane while isolating the optical path from the outside. 

20. An apparatus according to claim 19, wherein an optical noise process is performed for a surface of an inner wall of 
said light-shielding cover. 

21. An apparatus according to any one of claims 19 and 20, wherein a film having a high reflectance is formed on a 
surface of an outer wall of said light-shielding cover. 

22. An apparatus according to claim 19. wherein said light source is covered with a light source cover (16) except for a 
portion on the exit surface side with respect to said prism, and said light source cover and said light-shielding cover 
are integrally formed. 

23. An apparatus according to claim 22, wherein a film having a high reflectance is formed on a surface of an inner wall 
of said light source cover. 

24. A fingerprint input apparatus characterized by comprising: 

a prism (1) placed such that a surface in one direction serves as a fingerprint collection surface (1-1); 
a light source (6) for irradiating light on the fingerprint collection surface through said prism; 
an imaging plane (3-2) on which light reflected by a pattern surface of a finger placed on the fingerprint collec- 
tion surface and emerging from said prism is formed into an image; 

a prism holder (1 3> for holding said prism to fix the fingerprint collection surface such that the fingerprint col- 
lection surface opposes a finger mount portion opening (1 4-1 ) of a main body case (1 4 1 ), said prism holder hav- 
ing openings (13-1, 13-2) at least in a surface portion opposing an exit surface of said prism and an incident 
surface of said prism on which light from said light source is incident; 

an imaging plane case (3-3*) for storing said imaging plane, said case having an opening (3-3a) on the exit sur- 
face side of said prism; and 
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Bring an imaging optical path between the eS Kr 



a light-shielding cover (1 5) foraJvering an imaging optical path between the exIfSurface of said prism and said 
imaging plane while isolating the optical path from the outside, 

wherein an opening of said light-shielding cover on one end side is coupled to the opening of said prism 
holder which opposes the exit surface of said prism with a fitting structure, and an opening of said light-shield- 
ing cover on the other end side is coupled to the opening of said imaging plane case with a fitting structure. 
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(54) Fingerprint input apparatus 

(57) A fingerprint input apparatus includes a prism, 
a light source, a pinhole, and an imaging plana The 
prism is placed such that a surface in one direction 
serves as a fingerprint collection surface. The light 
source irradiates light on the fingerprint collection sur- 
face through the prism. The pinhole is set in the path of 
light which is reflected by the pattern surface of a finger 
placed on the fingerprint collection surface and 



emerges from the prism. The light emerging from the 
prism and passing through the pinhole is formed into an 
image on the imaging plane. When the prism is substi- 
tuted by air, an optical fingerprint collection surface 
equivalent to the fingerprint collection surface is set to 
be substantially parallel to the imaging plane. 
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